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ABSTRACT

The resistance of potential rocket nozzle throat insert

materials to chemical corrosion and melting is considered theo-

retically for several rocket propellant environments. Surface

temperature and recession rate are evaluated for each of twelve

materials in each of six propellant environments. The propel-

1ants considered include 2 liquids, 2 solids, and 2 hybrids.

• Potential throat insert materials include _arbides, oxides,

0 borides, nitrides, and pure elements. The assumptions embodied

" in the analysis are identified and the analysis technique is

outlined. Superior performing insert materials with respect to

" corrosion resistance are identified and recommendations for

future effort are given.
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SECTION 1

OBJECTIVE, SUMMARY, AND INTRODUCTION

OBJECTIVE

The objective of this investigation has been to identify

on a theoretical basis those materials which may be expected to

suffer minimal surface recession due to thermochemical mechan-

isms under the environments imposed on rocket nozzle throats by

various propellant combinations.

1969010478-007
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SUMMARY

A theoretical investigation has been conducted to identify

rocket-nozzle-throat insert materials which will experience mini-

mum chemical corrosion in various rocket-combustion-product

environments. Theoretical calculations for the rates of chemi-

cal attack and melting are presented for a matrix of 12 insert

materials subjected to environments characteristic of 6 ticket

propellants. Throat insert materials considered include carbides

&f tantalum, hafnium, titanium, and zirconium; oxides of beryl-

lium, zirconium, and hafnium; zirconium nitride; and the elements

tungsten, carbon, and tantalum. The propellants considered in-

clude 2 liquids, OF2-B2H 6 and Flox-CH4; 2 solids, aluminized and

beryllized; and 2 hybrids, N204 - aluminized fuel and OF 2 -

lithium + lithium hydride fuel. All predictions for the rates of

chemical attack and melting of insert materials considered a com-

bustion chamber pressure of 300 psia and a 2.5-inch throat diameter.

The predictions resulted from an analysis which includes a

consideration of the following phenomena.

i) A realistic treatment of boundary layer transport

phenomena accounting, in an approximate manner, for

energy and mass transfer events associated with un-

equal diffusion coefficients for all boundary layer

species.

2) All possible chemical reactions are considered at the

ablating surface between the insert material and

boundary layer gases.

3) A realistic model for removing chemically stable

condensed phase species from the surface when they

are at their melt temperature.

4) The surface energy balance includes consideration of

radiation from the stream and from the wall, and

energy transfer associated with all chemical reaction_

and mass transfer both in the boundary layer and at

the surface.

1969010478-008



The calculations were performed imposing the following

restrictions upon the various phenomena.

i) Reaction rates between all species at the surface

occur fast enough such that chemical equilibrium is

achieved.

2) Any chemically stable, condensed phase species which

forms at the surface will adhere to the surface unless

it is above its melt temperature or the melt tempera-

ture of the insert material.

3) Steady state ablation is achieved and the insert mate-

rial is pre=umed to be thermally semi-infinite.

Throat insert material surface temperature and recession

rate are presented for all 72 material-propellant combinations.

Considering linear surface recession rate, the following mate-

rials appear most promising from a thermochemical point of

view in each environment.

OF2-B2H6 hafnium carbide and tantalum car-
bide + 11% carbon hypereutectic

Flox-Methane tungsten and carbon

Aluminum-Solid hafnium carbide, hafnium dioxide

and tungsten

Beryllium-Solid tungsten, tantalum carbide, and

tantalum carbide hypereutectic

Aluminum-Hybrid tungsten, tantalum carbide, and

tantalum carbide hypereutectic

Lithium-Hybrid the carbides of tantalum and hafnium
are followed closely by carbon (or

graphite), however the carbides

operate at, or dangerously near,
their melt temperatures, so it is

expected that carbon would be best

in actual practice.

1969010478-009
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INTRODUCTION

An essential consideration in the design of advanced rocket

propulsion systems is the selection of materials which will pro-

vide adequate thermal protection for the various rocket nozzle

components. Because it is important from an operational point-

of-view to minimize surface recession in the threat region of

the nozzle, it is desirable that careful consideration be given

to the selection of materials for fabricating rocket nozzle

throat inserts. The efforts reported herein are directed toward

identifying materials which have superior resistance to chemical

corrosion in various rocket propellant environments. These

efforts were conducted between June 1967 and February 1968 under

contract to the NASA Langley Research Center (Contract Number

NASI-7366).

The performance of a rocket nozzle throat insert material

may generally be considered to depend upon its susceptability

to chemical corrosion, melting, or thermal stress failure. Each

of these factors must be considered in selecting _e most prom-

ising candidate material for a particular rocket exhaust product

environment. Because of ill defined high temperature materia_

properties and a lack of totally adequate theoretical techniques

it is not possible, from theoretical considerations alone, tc

precisely specify the optimum material composition, geometric

configuration, thickness distribution, and bonding technique for

a specific application. Selection of the most promising throat

insert design results from theoretical considerations of a pre-

liminary nature which enable a substantial reduction n the

number of potential material candidates for a given application.

The list of materials remaining after this preliminary "weeding

out" process may then be further scrutinized with more sophisti-

cated theoretical considerations, subscale experiments, and

finally, by full-scale design verification tests. This report

1969010478-010
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presents the results of a preliminary theoretical "weeding out"

process which is directed toward selecting throat insert mate-

rials that appear superior from chemical corrosion considerations

for propulsion systems operating on a number of propellants of

current and future interest. Results of theoretical screening

calculations are presented for a matrix of six propellants and

twelve materials for a total of 72 material-propellant combina-

tions. The results are based upon consideration of material

degradation associated with thermochemical ablation and melting

phenomena. No consideration has been given to structural integ-

rity, cost, or weight. It is believed that the results of this

study will provide useful guidelines for future research directed

toward selecting optimum insulation materials for a variety of

propulsion environments.

All calculations were performed for boundary conditions cor-

respondinq to a chamber pressure of 300 psia and a 2.5-inch throat

diameter. The propellants and insulation materials considered

in the analysis are summarized here.

Propellants

I OF - B2H 6

Liquids _ FLOX CII4

I NH4CI04 - (AI + rubber)Solids NH4CI04 - (Be + rubber)

Hybrids _[N204 - (A1 + rubber)

[OF 2 - (Li + LiH + rubber)
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Materials

W

Elements C

Ta

TaC

TaC + i1% C Hypereutectic
Carbides HfC

TiC

ZrC
p

3eO

Oxides ZrO 2

HfO 2

Nitride ZrN

Calculations have been performed to evaluate the ablation rate

and surface temperature of each of the above materials when

subjected to conditions at the throat of rocket engines operating

on each of the above propellants. The calculations include real-

istic treatments of (i) heat and mass transfer processes in the

multicomponent, chemically reacting boundary layer, (2) chemical

corrosion of the material by propellant products, (3) formation

of any chemically stable condensed phase product at the surface

resulting from reactions between the material and the environment,

and (4) the removal of melting materials from the surface. Re-

sults of the calculations include specification of the steady

state material surface temperature and recession rate for each

propellant system.

The analysis techniques employed for the study are described

first, in Section 2, and are followed, in Section 3 by a presen-

tation and discussion of the material performance results. Con-

clusions are given in Section 4 and are followed in Section 5,

by recommendations for future work.

I IlL] HllllllI ........... E LC.................................. lllllll E_'/_i_" T.................................... I ..................... I
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SECTION 2

ANALYS IS

Evaluation of the chemical compatibility of the 72 material-

propellant combinations requires that detailed consideration be

given to heat and mass transfer processes and chemical reactions

at the material surface. The analysis reported herein is based

upon the approximate film-coefficient approach for characterizing

the multicomponent, chemically reacting boundary layer introduced

in Reference i. The present investigation may be considered to

represent a significant genezalization and extension of an earlier

investigation of the chemical compatibility of materials and

propellants reported in Reference 2. The present investigation

is more extensive in that solid-and hybrid-rocket propellants

are considered in addition to liquid propellants; and the investi-

m gation is more general in that multicomponent diffusion processes

are considered in the approximate boundary layer treatment ar

the removal of liquid material from the surface is accounted _.r.

The results reported in Reference 2 considered liquid layer re-

moval only when the liquid layer was of the same composition as

the basic throat insert material. For example, removal of

liquid HfO 2 from the surface of an HfO 2 material was considered,

but not the removal of liquid HfO 2 from an HfC material. It is

important to consider the latter case since the high melt tem-

perature HfC may oxidize to form the lower melt temperatule

oxide (Hf02) at the surface and, as a result, the oxide may be

removed from the surface to expose more HfC which will in turn

be oxidized.

Evaluation of the materials resistance to chemical corrosion

requires specification of the following.

(i) The chemical composition of the propellants.

(2) The chemical composition of the materials.

1969010478-013
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(3) Fundamental thermodynamic data for all molecular

species that may result from chemical reactions between

the propellants and the materials.

(4) The thermodynamic state of propellant combustion pro-

ducts at the boundary layer edge.

(5) A means for evaluating the rate of transfer of chemical

species to and from the ablating surface accounting

for boundary layer transport processes and removal of

liquid material from the ablating surface.

: (6) A means for evaluating the thermodynamic state of

! gases and condensed phase material at the ablating

surface.

(7) A means for performing a surface energy balance in

order to evaluate surface temperature and recession

rate.
!

Each of the above considerations is given attention in the

remainder of this section. Primary attention is given to a general

description of the basic treatments, and, in most cases, detailed

aspects of the various developments are relogated to a series of

appendices at the end of the text.

2.1 Propellant Compositions

Detailed information relating to the chemical composition

and chamber enthalpy of each of the six propellant systems is

presented in Table I. The list contains 2 liquid, 2 solid, and

2 hybrid propellants. In addition to the enthalpy and molecular

and elemental composition given for all propellants, the oxidizer-

to-fuel mass ratio (O/F) is given for the liquid and hybrid systems.

The reported enthalpy is consi_tant with the tabulated propellant

compositions and storage temperatuz_s. The initial temperature

for all solid propellant grains is taken as room temperature (298°K).

All of the quantities listed in Table I are required and will be

1969010478-014
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employed subsequently for establishing the boundary-layer-edge

thermodynamic state.

2.2 Insulation Material Compositions

The present study is directed toward identifying nozzle

throat insert materials which are chemically compatible with

different propellant systems. A desire to identify materials

which would result in minimum surface recession dictates the

choice of high melt temperature, high density materials, rather

than reinforced organic composites which would typically be

employed in nozzle inlet and expansion cones. The materials

selected for the present investigation are listed in Table II

along with their elemental composition, heat of formation,

and density. The elemental composition is necessary for

evaluating the surface chemical state, and the heat of formation

will be employed for performing the surface energy balance.
|

! 2.3 Thermochemical Data

Evaluation of the boundary layer edge state and calculation

of the chemical composition and thermodynamic state of products

at the ablating surface requires specification of certain funda-

mental thermodynamic functions for each molecular species to be

considered. Since it is not possible, a-priori, to specify which

of many possible molecules are going to exist to a significant

extent, it is most expiditious to consider all possible molecular

arrangements between the chemical elements present in the pro-

pellant and insulation material. Basic information requiring

specification for each species is the heat of formation and

entropy at a base temperature, and the specific heat over the

temperature range of interest. For condensed phase species, the

melt temperature is also required. A significant part of the

present investigation was devoted to acquiring and, preparing in

the appropriate format, thermochemical data for the many molecular

species possible with the material propellant combinations to be

........ inlll[]ill ii11[11iii ................. ki
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considered. A detailed description of the required data, the

references consulted, and a tabulation of the data employed for

the present investigation is given in Appendix A.

2.4 Boundary Laver Edqe State

The thermodynamic state of the boundary layer edge products

is an important boundary condition for evaluating boundary layer

energy and mass transfer processes. Boundary layer edge conditions

at the throat insert are evaluated by performing a chemical equilib-

rium, isentropic flow expansion from chamber conditions to the sonic

throat (M=I) condition. All calculations are performed for a

nominal chamber pressure of 300 psia utilizing the propellant

chemistry information in Table I and the thermodynamic data

for molecular species presented in Appendix A. The chamber

condition and isentropic expansion calculations were performed

with the AerothermACE (Aerotherm Chemical Equilibrium) program, t

A brief description of the ACE program is given in Appendix B.

Details of the generalized mathematical treatment are presented

in Reference 3, and Reference 4 presents a description of how

results from the ACE program are employed to perform a surface

energy balance.

Results of the isentropic flow calculations are presented

in Table III which displays the chamber temperature and the

static temperature and pressure at the throat for each of the

six propellant systems. Also shown in the Table is a list of

the most significant boundary layer edge products, and the mass

fraction and composition of particulate material at the boundary

layer edge for the propellants containing aluminum or beryllium.

Consideration of the momentum of the BeO and AI203 particles and 1
the curvature of nozzle throats lead_ to the conclusion that

significant impingement of particles on the throat insert sur-

face would not be expected (Ref. 5). Subsequent consideration

#

i .... -
'": ................................................... I illlJilliITF ............. I l Ill] .............. _IT_
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of boundary layer mass transfer processes will be limited to

considering only the gas phase, and, as such, it is appropriate

to evaluate the gas phase elemental composition and enthalpy to

represent the boundary layer edge condition at the nozzle throat.

Table IV contains boundary layer edge gas elemental composition and

enthalpy for the six propellants. This table differs from the

propellant compositions in Table I in that the mass fractions

for AI, Be, and 0 have been reduced by the amounts of these

elements present in the particles as shown in Table Ill. The

total enthalpy shown in Table IV is the total enthalpy (thermal

+ chemical + kinetic) of the boundary layer edge gas alone, and

does not include any energy associated with particles.

The boundary layer edge gas elemental composition presented

in Table IV will be utilized to represent an important boundary

condition for the surface mass and energy balance considerations

discussed subseauently.

2.5 Surface Mass Balance

The rate at which chemical elements and/or mass are trans-

ported to and from the surface oF the throat insert material is

evaluated by the film coefficient approach for the chemically

reacting, multicomponent boundary layer presented in Reference

i.

= eUeCM +l W ke) + (PV) W_kw _Kk£

The term on the left represents the mass rate at which element

k is supplied to the surface resulting from ablation of the

insert material. The first term on the right represents the

net mass transfer of element k from the surface due to boundary

,-, ,",,9? _'_2,:)!+',e.... _ ........ _ nn Illm ,IraI,,I,!.... nl
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layer gas diffusional and convection events. The second term on

the right is the flux due to mass addition to the boundary layer

at the surface and the last term represents the rate at which

condensed phase (i.e. liquid or solid) matezial is swept from

the surface. Summation of Equation (i) ovex al_ "k" elements

yields the overall mass balance.

= (pv) w + ml (2)

Normalizing Equation (2) by the boundary layer mass transfer

coefficient (PeUeCM) obtains:

: B' + B (3)

In Equation (3), the quantities represent normalized total abla-

tion rate, chemical ablation rate, and mechanical ablation rate,
!

respectively.

Evaluation of the quantities Z_, _w' and _L requires

specification of the chemical composition of both gas and con-

densed phase material at the surface. The method for evaluating

the chemical composition at the ablating surface is discussed

next.

2.6 Ablatinq Surface Thermodynamic State

The molecular composition cf gases adjacent to the ablating

surface represents an important boundary condition for evaluating

heat and mai_s transfer processes through the boundary layer. The

dependence of boundary layer mass transfer processes upon the

wall gas composition is illustrated above, in Equation 1. The

dependence of boundary layer energy transfer rates upon wall

f

Ill l' ' ................................. IIIIIIIIIIII III II II_........................ _Fill].[n ...... , I
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• gas composition is discussed in the next section (2.7). Another

important aspect of chemical composition at the ablating surface

is associated with chemical reactions which may occur between

the gases and the throat insert material. This consideration estab-

lishes the chemical compatibility of an insert material with a

given propellant environment. Consideration of these reactions

dictates, for example, whether the surface may be attacked chemi-

cally to form gaseous products which may diffuse away from the

surface, or whether a chemically stable film may be formed which

protects the material from further chemical attack. In some

instances, the surface energy balance will dictate a surface

temperature above the melt temperature of the protective film, and

in such instance, it is most realistic to allow the liquid to be

removed from the surface thereby revealing more insert material

for further chemical attack.

In order to systematically account for the many possible

reactions that may occur for the 72 material-propellant combin-

ations being considered in the present study the following

assumptions are imposed relative to the composition of condensed

phase material at the ablating surface.

(i) Chemical equilibrium will be achieved between all gas

and condensed phase.material at the ablating surface.

That is, the rate at which various molecular products

may be formed is limited only by the rate at which

the reactants are supplied.

(2) Chemically stable condensed phase material will be

permitted to exist at the surface provided the surface

temperature is below its melt temperature and the

melt temperature of the insert material.

_e first assumption is believed quite appropriate for the

high-temperature, high-pressure environments being considered

and its meaning is reasonably straight-forward to understand.

1969010478-019
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The meaning of the second assumption is best illustrated by

considering an example. As will be discussed subsequently, in

Section 3, chemical equilibrium sometimes dictates the formation

of tungsten carbide on the surface of a tungsten throat insert.

Note that the melt temperature of tungsten carbide is significantly

higher than the melt temperature of tungsten. If the surface

energy balance results in a predicted suzface temperature which

is less than the melt temperature of tungsten, the carbide

will adhere to the surface and provide a protective barrier

for the tungsten substrate. If, however, the predicted surface

temperature is above the melt temperature of tungsten, the

tungsten carbide will be removed mechanically since it would

not be expected to stick to the liquid substrate.

Solution of the chemical equilibrium relations within the

constraints of the conservation equations for chemical elements

(Equation i) is accomplished with the ACE program described in

Appendix B. The mechanics of obtaining solutions consists of

specifying the boundary-layer-edge state, the insert material

composition, the pressure, thermodynamic data for all species

(Appendix A), and an array of normalized ablation rates (B).

As discussed in Reference I, with this information, and within

the constraints of chemical equilibrium, it is possible to cal-

culate the surface temperature and othez terms pertaining to

the chemical composition for each specified value of the ablation

rate parameter _. The actual ablation rate and surface tempera-

ture is then determined by performing a surface energy balance.

2.7 Surface Enerqy Balance

Evaluation of the surface temperature and recession rate

is accomplished by performing an energy balance at the heated

surface of the nozzle throat insert material. Performing the

surface energy balance requires specification of the magnitudes

of energy transfer at the surface associated with the following

events.

--_L'+'_'! ................ " .................. + ..... _PI -'i + + I+Iklrm' + • + +±,_I_I .......... - |
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i. Transfer of energy to the surface from the boundary

layer as a result of thermal energy transfer and

as a result of chemical reactions in the

boundary layer and at the ablating surface qdiff.

2. Transfer of energy from the surface due to blowing or

suction at the surface, (PV)w hw,

3. Transfer of energy from the surface as a result of

liquid layer run-off, _hLw.

4. Transfer of radiation energy to and from the surface,

awqra d and FOewT_, respectively.

5. Transfer of energy to the surface from below the sur-

face in the form of high temperature insert material

as it is overtaken by the receding surface, mahaw -

6. Conduction of energy from the surface into the insert

material by virtue of a temperature gradient, qcond.

• Each of these terms are depicted in the sketch below.

qdiff C vwhw %qrad

_Lh_ w

/////'//I 7//!''z'',''. I,..,,,/I///.,/.r ablating surface

mahaw qcond

Perfo_ming a surface energy balance obtains

-- " _ := 0
qdiff (0Vlwhw + mahaw - m£h£w + ewqrad - F_CwTw - qcond

(4)

Upon specification of a heat transfer coefficient, evaluation of

all terms in Equation (4) is reasonably straightforward except

the conduction term, qcond. Evaluation of the conduction term

requires specification of a particular throat insert geometry in

1969010478-021
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addition to temperature dependent material thermal properties.

These properties are often difficult to come by and it would be

unfortunate to restrict the result of the present investigation

to a particular throat insert geometry. A desire to retain

greater generality in the present results prompted consideration

of a simplified, but realistic, approximation for representing

the conduction term• The assumption of steady stat_ _lation of

the insert material is believed appropriate for the high energy

flux enviro_ents being considered, and has been adopted in the

present investigation. The essence of the approximation is

illustrated in _e following sketch.

T =T
W

0

[------ J___] ablating surface

I '

J
T =T. mh

1 aa.
1

A control volume of thickness, 6, extends from the _lating

surface (_0) to a point in the material Where the insert material

temperature, T(y), is e_al to its initial value (Ti= room te_.)

me steady state analysis is based on the assumption _at the

te_erature distribution is lnvarient with time, T (y) _ f (time).

Since the control volume energy content is dependent only upon

_e te_erature distribution, it may be stated _at the rate of

ch_ge of energy content wi_in the control volume is zero.

energy bal_ce on the control volume then obtains:

qcond = ma (haw - hai) (5)

[

1969010478-022
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Substitution into E_lation (4) results in a surface

energy balance equation which is independent of material thermal

properties and insert geometry.

- . " T _ = 0 (6)
qdiff (_V)whw + mahal - mzh£w + _wqrad - F°ew w

The terms in Equation (6) and their evaluation are given

detailed attention in Appendix C where it is shown that the sur-

face energy balance may be written in terms of quantities readily

available from the output of the ACE computer program. The ACE

program was employed to obtain combined solutions of the species

conservation equations and chemical equilibrium relations as

discussed above, in Sections 2.5 and 2.6. In appendix C, the

surface energy balance (Eq.6) is developed in the following form.

c.• _Hr - Hw)edge + (Z*z - _ &h_Wl - B'hw - B£h£w
gas i e

1 _wqrad Up_ewT_)+ Bhai + PeU_CM( - = 0 (7)

For a given material-prnpellant combination, all terms in Equation

7 are available from the ACE program output as a function of the

total ablation rate parameter, B, with the following exceptions:

the ratio of heat-to-mass transfer coefficients, CH , the heat

CM

transfer coefficient, PeUeCH , and the radiation terms. The sur-

face energy balance equation is solved by evaluating each term

as a function of _ until Equation 7 _s satisfied. The means

employed for evaluating each of these terms is described in

Appendix C, but it is appropriate to briefly review the assump- j

tions _mployed in their evaluation at this point. !

T_e ratio of ma_3-to-heat-transfer coefficient is given by

the Chilton-Colburn Analogy.

1969010478-023
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2/3
CM = Le

The heat transfer coefficzent is selected to have a nominal

value corresponding to a 2.5-inch-diametez throat with a chamber

pressure of 300 psia

QeUeCHo = 0.5 ib/ft 2- sec

Radiation from the particle laden stream is evaluated by assuming

the nozzle throat "sees" only itself, and by assuming radiation

from the particle cloud is represented by the stream static

temperature, and an effective cloud emmisivity, Cp=ep. The
resulting radiation fluxes for the three propellant environments

containing particles are.

Propellant qrad

(BtU/ft e -sec)

Aluminum Solid 345

Beryllium Solid 495
Aluminum Hybr_d 684

For the other three propellant environments considered ( 2

liquids, and the lithuim hybrid) no particles are present in the

flow, so for these propellants the net radiation flux is zero.

It is interesting to note, that for no net radiation interchange

the surface energy balance (Eq.7) may be solved independent

of the heat transfer coefficient, PeUeCH -

C H

--- HW) + I [~* -Z_J Ah: w B'hw + Bhai = 0CM(Hr - edge Zi e - - B_h£w
gas i

(8)

............................................... 11 _TIITIf ',_,,_rlt ..........
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This is an _nteresting result, because it means that the surface

energy balance solutions for the environments without particles

are valid independent of the throat insert diameter.

Solution of the surface energy balance equations (EqS. 7

and 8 for the environments with and without particles respectively)

represents the culmination of the investigation. The results of

this investigation, including the calculated steady state surface

temperature and recession rate for each of the 72 material-

propellant combinations is presented in the next section.

............ i ii I li IIII
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SECTION 3

RESULTS

The previous section and appendices A through C describe a

specific approach for evaluating the corrosion resistance of

nozzle throat insert materials in rocket exhaust product environ-

ments. This section presents the results of an investigation

utilizing these techniques for analyzing a matrix of twelve mate-

rials and six propellant environments. The results are presented

in the form of the steady state ablation rate and surface tem-

perature for each of the 72 material-propellant combinations.

Tables V(a) through V(f) present a summary of the perform-

ance of each insert material in each of the environments. Table

V(a) is for the OF2-B2H 6 environment, V(b) through V(f) corre-

spond respectively to Flox-methane, aluminum-solid, beryllium-

solid, aluminum-hybrid, and OF2-1ithium hybrid. Each table

presents the following information for all 12 materials.

(1) Insert material composition

(2) Insert material density

(3) Insert material melt temperature

(4) Steady state surface temperature, Tw

(5) Normalized total mass loss rate,

(6) Linear surface recession rate,

(7) Chemical composition of chemically stable condensed

phase material on the surface (surface species)

(8) The primary mode of surface recession, chemical

or melt i

Approximately half way through performing the ablation calcula-

tions, a modification was made to %:he ACE program which resulted

in printing out the relative rates of material removed in the

liquid and gas phase, Bi and B' respectively. For the material-

I I II IILI .... -7 _ " " __ -_ ............... HII ........ _'"i t4_'" ........ _--''QIlF ............ I I I i -ll,,ii,, tlllilil Ill ....
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propellant combinations where this information was readily

available on the program output, the values of B' and B_ are

shown in addition to B. It is emphasized that both chemical and

mechanical (liquid removal) ablation are considered for all

solutions, but their relative rates are shown for only about

half the solutions.

In addition to the steady state ablation rate and surface

temperature results shown in Table V, a significant part of the

results from the investigation are shown in Figures 1 through

12. Figures 1 through 6 present the normalized ablation rate

parameter, B, as a function of temperature for all 12 materials

in each of the 6 environments. Figures 7 through 12 present

solutions to the surface energy balance for all materials in

each of the 6 environments. Because the results presented in

Figures 1 through 12 are intermediate to the final answers given

in Table V, it is appropriate that they be discussed first.

3.1 Surface Ablation Characteristics

Figures 1 through 6 present the normalized ablation rate

parameter, B, for all 72 material-propellant combinations. Each

of these figures has 12 parts (a through i), one part for each

of the 12 materials. The surface ablation characteristics shown

in the figures are machine plots and represent combined solutions

of the boundary layer species conservation equations and the

chemical equilibrium relations at the ablating surface. The

surface ablation characteristics illustrate how fast the material

will be consumed at a given surface temperature as a combined

result of all possible chemical reactions and removal of liquid

material from the surface.

Evaluation of the surface temperature and recession rate in

a given environment required solving the surface energy balance

which is discussed in the next section. The results presented

_n Figures I through 6 give some information relative to the

primary ablation mechanisms. For example, Figure l(a) indicates
¢

i

..... ...................... _, 11"rrrr, ................. i,1.....
j, III I
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that tungsten is not ablated to any significant extent in the OF 2-

B2H 6 environment until it reaches its melt temperature (6570°R),

at which point the ablation rate increases with no increase in

surface temperature. This characteristic is a result of the

fact that tungsten is not chemically attacked in the OF2-B2H 6

environment for temperatures at or below its melt temperature.

As a result, the only mechanism for tungsten ablation in this

environment is melting.* The rate of melting is established

from performing an energy balance. It is interesting to

contrast tungsten ablation in the OF2-B2H 6 environment (Fig. la)

with its ablation characteristics in the aluminized solid propellant

environment (Figure 3a) (note the scale change on B). Although

the chemical ablation rate in this enviromaent is also small for

temperatures less than the melt temperature (B = 0.05 at T = Tmelt)

it is noted that the temperature is first constant at 4172°R

(the melt temperature of AI203) and then monatonically increases

to the tungsten melt temperature. The region of constant temper-

ature of 4172°R is represented by the precipitation of A1203 upon

the surface and its subsequent removal as a liquid. This region

is accompanied by oxidation of the tungsten until a value of

= 0.007 is reached, at which point, higher tungsten ablation

rates demand a higher surface temperature in order for the

material to be consumed chemically. Finally, at B = 0.05, the

tungsten melt temperature is reached and further surface recession

must result from removal of tungsten liquid. The characteristic

of several horizontal lines (constant temperature regions) shown

in Figure 3(a) is representative of many of the material-propel-

lant combinations. In these cases the constant temperature re-

gion represents the existance of a chemically stable liquid layer

which is being mechanically removed from the surface.

* Excluding thermal shock effects

I
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3.2 ENERGY BALAbTCE SOLUTIONS

The steady state energy balance equation was presented above,

in Section 2.7 (Eq. (7)) and details pertaining to its solution

for each material-propellant environment are described in Appen-

dix C. Solution of the energy balance equation is accomplished

%zith a computer program (ESUM) which takes the output of the ACE

program, evaluates each term in the energy balance equation

(Eq. (7), computes the sum, and plots it as a function of the

normalized ablation rate parameter, B. Examination of the energy

balance Equation (7) reveals that when the sum is zero, the en-

ergy balance is satisfied. The sum of the terms in the energy

balance equation (Energy Imbalance) are machine plotted as a!

function of B for each material-propellant combination and are

shown in Figures 7 through 12. Each figure has 12 parts (a

through i) which correspond to the 12 materials.

These figures reveal the value of B which satisfies the
P

; energy balance (Energy Imbalance = 0) and also illustrate the

magnitude of the energy imbalance for higher and lower values

. of the ablation rate. A positive energy imbalance corresponds

to more energy being added to the material than it can reject

through the ablation process. During an actual rocket firing

the ablation rate will increase with time and the extra energy

will cause the surface temperature and ablation rate to increase

until the steady state value is achieved.

3.3 RELATIVE MATERIAL PERFORMANCE

The results presented in Tables V(a) through V(f) for each

of the propellant environments illustrate the relative suscep-

tibility to chemical erosion and/or melting of a number of mate-

rials. A_ indicated above, in Section 2.7, the energy balance

solutions for the environments without particles are valid inde-

pendent of heat transfer coefficient. Thus, the solutions for
• i

the normalized ablation rate, B, are valid for the OF2-B2H 6,

]

I

I I . ",r,,_ II III I I _
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Flox-methane, and OF2-1ithium hybrid environments independent of

nozzle throat diameter. For the environments containing parti-

cles, the reported B depends on throat diameter because of the

dependence of the radiation term on throat diameter. In addi-

tion to the normalized ablation rate parameter, B, Table V in-

cludes a tabulation of the linear recession rate, S, for a heat

transfer coefficient corresponding to a throat diameter of 2.5

inches. The linear recession rate is related to B through Equa-

tion (C-8) (Appendix C). Some of the better peforming materials

in each propellant environment are discussed in the following

paragraphs. Because primary emphasis is given to materials

suitable for nozzle insert application, the relative performance

of materials is based upon minimum linear recession rate, S,

rather than minimum mass loss rate, B.

OF2-B2H 6 - As indicated in Table V(a), the high temperature

carbides perform best in this environment, however some of the

metals have a greater affinity for boron than others which re-

sults in conversion of the metal carbide to a metal boride. The

metal boride has a low melt temperature and is removed mechani-

cally (e.g.,ZrB_). Other carbides have lower melt temperatures

(e.g., TIC*) and are removed as liquid without appreciable chemi-

cal attack. The two materials which are superior from a thermo-

chemical point of view are hafnium carbide (HfC*) and the tanta-

lum carbide-carbon hypereutectic (TaC* + i1% C*). A particularly

interesting result shown in Table V(a) is the fact that the mix-

ture of _aC* and C* performs substantially better than either

TaC* or C*. It would be interesting to evaluate the performance

of various TaC* - C* mixtures in order to establish the composi-

tion which yields minimum recession rate. Comparison of the re-

sults shown in Table V(a) with results reported earlier, in

Reference 2, reveals some significant discrepancies in the pre-

dicted recession rate, B, for roughly equivalent environments

(O/F = 3.0 vs 3.5 here). Consideration of the source of the

discrepancy leads to the conclusion that it is a direct result

m -- • III ..............
i [[III i i,i ii i illll I i
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of the unequal diffusion coefficient effect for this environ-

ment. Unequal diffusion coefficient effects were not considered

in the results presented in Reference 2. This effect causes

hydrogen atoms to diffuse through the boundary layer to combine

on the surface much faster than previously considered. The

higher energy release to the surface associated with higher

hydrogen atom recombination produces a substantial increase in

the surface temperature, which results in a higher ablation rate.

Flox-Methane - Table V(b) indicates that tungsten is the

best material in this environment. Most all the materials con-

sidered perform well in this environment. Because its low total

temperature results in low surface temperatures, no melting is

predicted to occur and all recession results purely from thermo-

chemical events. Some difficulty was encountered in obtaining

energy balance solutions for the materials containing tantalum

because there are two values of surface temperature which satisfy

the species conservation and chemical equilibrium relations for

a given ablation rate. One range of solutions occurs for surface

te_peratures in the vicinity of 6000°R where a TaC* surface is

predicted to exist. Another battery of solutions exists for sur-

face temperatures in the vicinity of 2500°R where a carbon sur-

face is predicted to exist. Energy balances are not obtained for

either of these solutions because in one case the surface temper-

ature is far too high, and in the other, it is far too low. It

is clear that an energy balance will be obtained for some inter-

mediate temperature levels, but it is not clear what the reces-

sion rate should be because there are two chemical recession

rates for each surface temperature value. The results presgnted

in Table V(b) are based upon extrapolating the high recession

rate curve to a solution of the energy balance equation. As such,

the recession rates shown for the materials containing tantalum

are maximum values, and the actual rates may be substantially

less.

i

_ ?-"-"'if i- II
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Aluminized-Solid - The results shown in Table V(c) indicate

_Lat tungsten, hafnium carbide, and hafnium dioxide suffer very

little surface recession in this environment. It is noted that

the chemical recession rate parameter (B') is negative for some

materials in this environment. This _s a result of condensation

of A1203" liquid at the surface and its subsequent removal in

the liquid phase. This condensation may actually be occurring

on many materials but for most of them chemical attack is pro-

ducing gas phase products which are leaving the surface at a

greater mass rate than aluminum and oxygen bearing vapors are

reaching the surface. As a result, the chemical attack rate,

B', is positive for most of the materials.

Beryllium-Solid - Results for this environment shown in

Table V(d) indicate that tungsten is the superior insert mate-

rial, followed closely by second and third place tantalum car-

bide and tantalum carbide hypereutectic, respectively. It is

interesting to note that all three tantalum containing materials

react to form a chemically stable tantalum nitride surface. The

calculations assume that chemically stable condensed phase com-

pDunds will stick to the surface provided they do not melt at the

surface temperature of the insert material. Referring to

Table V(d), it is noted that the surface temperature for tantalum

is at its melt temperature, and, as d result, it would be un-

realistic to allow the nitride to stick to the liquid substrate.

For this reason tantalum is predicted to have a high recession

rate resulting from liquid layer removal. Because the predicted

surface temperatures for tantalum carbide and tantalum carbide

hypereutectic are below their melt temperatures, however, the

tantalum nitride is presumed to adhere to the surface and provide

a protective film for these materials.

N204-Aluminum Hybrid - As evidenced by comparing Tables V(d)

and V(e), the relative performance of materials in this environ-

ment is about the same as in the beryllium-solid propellant

environment. Tungsten is best and is followed by tantalum carbide

_"'_'_'" _: ........... I i '1- - _ "_111 .... ....................... I Irl III II j
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and its hypereutectic. Significantly higher surface temperatures

are predicted for this environment, howeverc and as a result, the

predicted temperature for the tungsten insert is dangerously close

to its m_it t mperature.

OF2-Lithium Hybrid - This environment produces such high

surface temperature that all but two materials are predicted

to melt. One of these, tantal_,m carbide, gets within 150°R of

its melt temperature (Tmelt = 7690°R), and the other, carbon, is

predicted to operate at 6800°R. From a thermochemical, and

melting point of view, the best materials, in order of performance,

are: tantalum c_rbide hypereutectic, tantalum carbide, halfnium

carbide, and carbon. It is most likely that in practice carbon

(or graphite) would end up the best because of the extremely high

temperatures (and corresponding low strength) achieved by the

other materials.

These results are believed realistic within the restrictions

imposed on the analysis, and the restrictions are believed appro-

priate for calculations of a preliminary screening nature.

Specifically, the chemical equilibrium assumption is believed

quite good, and the film coefficient approach to boundary layer

transport phenomena is believed quite realistic. The potentially

most severe restrictions are: (i) the assumption that chemically

stable films will adhere to the surface, and (2) that steady state

ablation is achieved. Evaluation of errors associated with the

second assumption is straightforward since analytical modeling

of transient heat conduction is well in hand. It would seem

reasonable to expect that the steady state assumption is appro-

priate for firing times much greater than I0 seconds. For shorter

firing times the results reported in Table V are probably pessi-

mistic. It is difficult to assess probable errors associated with

the first assumption (that films stick) and no attempt is made to

verify its applicability here. It is recognized that in actual

practice, certain mechanisms not considered in this analysis may

dominate, and preclude successful utilization of materials which

appear superior from a thermochemical point of view. Such mechan-

isms as insert ejection resulting from low high-temperature

........... _IT nJ, * -- . _ , .... . .............. n ll[l iii[i_ .....
.......... ' ........... I_'T T '[
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strength, or thermal shock have not been considered. The analy-

sis was performed because of the e_tablished importance of thermo-

chemical erosion and the reported results are believed quite

realistic from a thermochemical erosion point of view.

!
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SECTION 4

CONCLUSIONS

The conclusions which may be reached from this investigation

are summarized quantitatively in Tables V(a) through V(f) which

display the surface recession rate and surface temperature for

all n,aterials considered in each of the six environments. Con-

sidering minimum surface recession rate to be the primary indi-

cator of superior nozzle throat insert performance, the follow-

ing list summarizes the best materials in each environment.

OF 2- B2H 6 hafnium carbide and tantalum carbide
+ 11% carbon hypereutectic

Flox-Methane tungsten and carbon

Aluminum-Solid hafnium carbide, hafnium dioxide

and tungsten

Beryllium-Solid tungsten, tantalum carbide, and

tantalum carbide hypereutectic

Aluminum-Hybrid Tungsten, tantalum carbide, and

tantalum carbide hypereutectic

Lithium-Hybrid the carbides of tantalum and hafnium

are followed closely by carbon (or

graphite), howe_.er, the carbides
operate at, or dangerously near,

their melt temperatures, so it is

expected that carbon would be best
in actual practice.

It is emphasized that the above material ratings relate

only to material performance from a chemical corrosion and melt-

ing point-of-view. No consideration has been given to weight,

cost, or structural integrity_ The above material ratings may

be considered in both an encouragin_ aDi a discouraging lic'ht.

They are discouraging in that no really n_, superior materials

have been identified. On the other hand, it is encouraging

that a p_rely theoretical approach, free from any empiricism,

has yielded results which tend to confirm the findings of years

of experimental effort; that the best throat insert materials

may be selected from tungsten, carbon (or graphite), and the

high temperature carbides.
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SECTION 5

RECOMMENDATI ONS

It is recommended that the more promising materials be in-

7estigated further to e_tablish, (i) the validity and applica-

bility of certain assumptions embodied in the thermochemical

ablation calculations, and (2) to investigate the magnitude of

material degradation mechanisms not considered in the present

investigation. The assumptions warranting further investigation,

and other mechanisms which should be considered are identified,

and a specific course of action for their investigation is pre-

sented here.

5.1 VALIDITY AND APPLICABILITY OF ASSUMPTIONS

The two potentially most severe restrictions embodied in

the therm_chemical ablation calculations are (i) the assumption

that chemically stable films which are formed on the surface will

adhere to it, and (2) that steady state ablation is achieved.

Evaluation of the applicability of the second assumption may be

accomplished in a straightforward manner with currently available

transient heat conduction codes. It is recommended that tran-

sient heat conduction solutions be performed for a range of cham-

ber pressures and throat diameters of interest to establish ap-

proximate firing times for which the steady state assumption is

appropriate. In the event the steady state assumption is unrea-

listic for some conditions of interest, suitable approximations

may be introduced to account for transient effects (see e.g.,

Figures ii and 12 of Reference 2).

Examination of the validity of the first assumption, that

chemically stable films adhere to the surface, may best be accom-

plished experimentally. It is recommended that a series of ex-

periments be conducted which consist of exposing a small, fla£ i

sample of insert material to a high temperature, high shear

environment containing the primary gas phase species which react

i__-- - I Irr ITI1 I Jlllll IIIIII ............................................. [, ,ll,l_,__:_ _ _ , -_ "_n_ '_''_ _"
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with the insert to produce the chemically stable film. Post

test chemical and photomicrographic analysis of the surface will

_eveal the presence or absence of the protective film. These

experiments should be conducted in an arc plasma facility (see

e.g., Ref. 12) in order that the surface temperature may be

accurately measured and controlled over the entire range of

interest.

5.2 OTHER MATERIAL DEGRADATION MECHANISMS

In addition to thermochemical attack the insert material

may perform poorly as a result of thermal shock or low strength

at high temperature. The ability to prejudge the importance of

thermal shock effects is directly related to how well the mate-

rial properties are known. When fairly accurate measurements

or estimates of thermal diffusivity, elastic modulus, and thermal

expansion coefficient are available, it is possible with exist-

ing computer codes (see e.g., Ref. 12) to make a realistic assess-

ment of potential thermal shock problems for a given material-

environment combination. For those promising insert materials

where realistic property estimates may be made, thermal stress

calculations should be made corresponding to temperature dis-

tributions early in time where thermal gradients are large.

Unfortunately, realistic estimates of material properties

are often difficult to come by, and in these cases, it i_ neces-

sary to resort to some form of experimentation. Perhaps the

most efficient means of establishing a materials susceptibility

to thermal shock is to expose small samples to an environment

which will produce temperature levels and gradients encompassing

the range of interest. This may be readily accomplished with

the same arc-plasma technique as recommended above for investigat-

ing the ability of films to adhere to the surface. It is there-

fore recommended that experiments be conducted on small samples

in an arc-plasma environment to acquire data on thermal shock

.... ........ - .............................
IV
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resistance of insert materials, ese experiments should be

accompanied by the means for accurately monitoring and control-

ling the 2 primary independent variables, temperature level and

temperature gradient.

It is also recommended that stress analyses be conducted in

the high temperature (late time) regime for interesting materials.

These analyses should include consideration of nonlinear depen-

dence of material mechanical properties on temperature, and the

analyses should include temperature and pressure distributions

representativ_ of realistic boundary conditions with a realistic

insert geometry. The analysis techniques employed in the pres-

ent investigation may be employed for evaluating realistic bound-

ary conditions appropriate for such calculations.

5.3 ADDITIONAL THERMOCHEMICAL ABLATION CONSIDERATIONS

The results of the present investigation revealed some in-

teresting results relative to the thermochemical ablation of

tantalum carbide-carbon mixtures. It was found that a certain

..fixtureresults in less ablation than experienced with either

the parent material or the dilutant. It is recommended that

additional computations be performed to investigate the thermo-

chemical ablation performance of other percentage mixtures. It

is anticipated that mixtures different from that considered herein

will result in lower recession rates. It is also recommended

that details of the results reported herein be given careful

scrutiny in order to identify any particular advantageous or

detrimental chemical r_actions which may suggest material modifi-

cations, or other materials which are particularly suited to

environments of current interest.

L
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APPENDIX A

THERMOCHEMICAL DATA

Thermochemical data for a large number of molecular species

are required for performing chemical equilibrium calculations for !

the 72 material-propellant combinations considered in the present

investigation. This appendix describes the procedure by which I

thermodynamic data was selected from the literature and complied

in the appropriate format.

SECTION A.I

SELECTION OF APPROPRIATE MOLECULAR SPECIES FOR
WHICH THERMODYNAMIC DATA WAS COMPLIED

For each particular propellant-material combination a chemi-

cal system must be defined which contains all molecular species

suspected to appear in significant quantity. The selection of

such eligible species depends upon the chemical elements present

in a given propellant-material system.

Past studies at Aerotherm in the field of ablation have re-

sulted in the accumulation of thermodynamic data containing the

elements AI, B, BE, Ca, C, CI, F, Hf, H, Mg, N, O, Si, Ti, W, and

Zr. However, an examination of the propellants and materials for

the present investigation reveals that thermodynamic data for

systems containing only the above elements are insufficient.

Specifically, for the present study the data library was enlarged

to also consider systems with the elements Ta and Li in combina-

tion with many of the above elements.

The following simple approach was taken in selecting molecu-

lar species for which thermodynamic data was obtained. Refer-

ences A-l, A-2, A-3, and A-4 were consulted and thermodynamic

data for any species which (1) was included in these sources,

and (2) was also a likely-presentspecies for any one of the seventy-

two propellant-material combinations, was then incorporated into

the thermodynamic data collection (if not already present). The

.......... _ Ill
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A-2

result was the addition of 141 species into the existing Aerotherm

molecular species thermodynamic data library.

The complete library of thermochemical data employed in the

present study is illustrated in Table A-I.

SECTION A.2 _

SOURCES IN THE LITERATURE FOR THERMODYNAMIC DATA

As mentioned above, the JANAF tables and the publications by

Aeronutronic, Schick, and Duff and Baur (Refs. A-I through A-4)

I were consulted for thermodynamic data.The data in these sources is arranged in tabular form with

specific heat, heat of formation, sensible enthalpy, free energy {

function, and entropy as a function of temperature for each molec-

ular species. All the sources are consistent in that they use the

same physical units and the same thermodynamic and chemical base

states. In each source the base states are taken as the elements

in their normal state at 298°K and 1 atm pressure, i.e., the heat

of formation for any molecular or atomic species existing in its

natural state at these conditions is defined as zero.

SECTION A. 3

COMPILATION AND ARRANGEMENT OF THE THERMODYNAMIC
DATA IN THE APPROPRIATE FORMAT FOR THE ACE PROGRAM

The specific thermodynamic information received by the ACE

(AsrothermChemical Equilibri,,m) program for each molecular species,

and the thermodynamic data format is identical to that of Refer-

ence A-5. This is the case because the ACE program, is in fact,

a very extensive rewrite of the program of Reference A-5. The

thermodynamic data format has been preserved and includes the

following information.

I
I ..... IIIII I rllll IIIIIIII I lil|lllillil I II IIIIII II I I I II II ___ I I i
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U

(1) Heat of formation at 298°K, 6h298

(2) Sensible enthalpy increase from 298°K to 3000°K,

h3000 = f

3000

298 • 298 Cp (T)dT

(3) The three constants in the specific heat equation

Cp(T) = _i + 82T + 83T-_ (A-I)

(4) Entropy at 1 atmosphere and 3000 K, $3000,1

(5) For the melting-solid condensed phase species,

a fail temperature, TM

The fail temperature of item (5) is taken as the melt temperature.

For the purpose of input to the ACE program, all the thermo-

dynamic data is contained on punched cards, with three cards
.

! required for each molecular species. Table A-I is a computer list-

i ing of these punched cards. A computer program developed at Aero-

! therm, TCDATA, was used to.. (I) least-squares curve-fi_ the tabulatedO

! Cp(T) data, and (2) punch out the quantities _h298, _i' _2' _3'

i $3000,I, and TM on cards. Reference A-6 describes the TCDATA
computer program.

Input for the TCDATA program is the thermodynamic data taken

directly from the references. The Cp(T) function is curve fitted

over two temperature ranges:

(I) 500-3000°K and 3000-5000°K for gas phase and solid

condensed phase species

(2) 5000-TM°K and TM-5000°K for melting-solid condensed

phase species, where TM is the melt temperature.

For each curve fit both the input values of Cp(T) and the

calculated values from Equation (A-I} are pointed out. In addi-

tion, the free-energy function, (F°-_h_9_/Z , is calculated from

the following equation, which is derived utilizing Equation (A-l)

• and the basic thermodynamic relations:

I
!
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A-4 !

[ ooo {c ,ooo[-_ ,n-_-- �1_-oo____o �<�_-T-)-½_'1-_--

,{ E (.,oooo)_ T _ = n298 " 6h298

- S3000,1 - T (A-2)

From a comparison of the specific heat and free energy function

computed from Equations (A-l) and (A-2) with the corresponding

input values from the references an indication of the accuracy

of the Cp(T) curve-fit is obtained, and errors in the input

t quantities Ah_98, .3000n298 , and $3000, I, are readily detected and
corrected Table A-2 illustrates the listed output of the TCDATA

; program for representative gas phase, and melting-solid condensed
f

phase species.

In summary, Table A-I contains the complete thermodynamic

data library used in the present study, with information for 141

of the molecular species being generated during the presented

investigation. The following comments are pretinent to Table A-I.

(1) the thermodynamic information for each molecular specie

is contained on three cards (or lines).

(2) The first card contains the code designation of the

species (example: AI203 has 2 A1 atoms (atomic number

13) and 3 0 atoms (atomic number 8) hence the code

designation 003008002013 on the left hand side of card

one), the source of the data, and the chemical name of

the species.

(3) The second and +_hlrd cards contain the quantities

_h_98' .3000n298 " BI' B2' _3' and S3000,1 for a lower and
an upper tempezature range.

|

• [ ---m
I

1969010478-091



A-5

G

(4) If the species is a melting-solid condensed phase, the

temperature dividing the two temperature ranges is the

melt temperature (or fail temperature)

(5) The species _ase index P is 1 for gas phase, 2 for

solid phase, and 3 for liquid phase.

(6) The decimal point on each number is assumed to be to

the left of the left-most digit, and the power-of-ten

is the signed one-digit number to the right of each

6-place base number.

I

i
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TABLE _i - THERMOCHEMICAL DATA

_h_98 r3°°_ dT 81 82 83 $3000,1 T T _ Specie,
Jals P

cal/mole cal/mole cal/mole cal/mole cal/mole cal/mole OK OK
oK OK_ OK_ oK

1 13 0 3 0 0 0 3 O 0 C 0 0 0JA_AF 03/61 AL
78000055 13461055 49290551 113634-4 70696755 50844052 500, 3000,i 0,AL
78000065 13461055 395674&i 204094-3 36177767 50844062 3000, 5000,1 OoAL

1 6 1 13 0 0 O 0 0 0 0 0 0 0JAr_AF 12/60 ALC
20995886 24044065 89690951-757687-5-75253265 74665062 500, 3000,1 0,+_LC
20Q95856 2404_065 96160951-128042-3-26456767 746650G2 3000, 5000,1 3,_LC
1 13 1 17 0 0 0 0 O 0 0 0 0 OJA_AF 06/61 ALCL

11620055 24469055 8953C551 115091-3-92925165 75038052 500, 3000,1 0,_LCL
11_20055 24469055 95108951 835189-5-22315657 75038062 3000, 5000,i O,ALCL
I B i 13 1 17 0 0 0 0 0 0 0 OjANAF 12/60 ALCLO

55000035 39199065 14887962 ' 3287-5-39253556 92044062 500, 3000,1 0,ALCLO
550000G5 39199055 15861352-Io6492-3-4C034967 92044052 3000, 5006,1 0,_LCLU
1 13 2 17 0 0 O 0 0 0 0 0 O 0JAt,AF 06/61 ALCL2

78000055 37117055 13889652 586012-5-13732966 10081353 500, 3000,1 0,ALCL2
7RO00065 37117065 13649362 486738-4 86968466 10081353 3000, 5000.1 0,ALCL2
I 13 3 17 0 0 0 0 0 C 0 0 0 0JA_AF 06/61 ALCL3

140_2_&6 52816055 19948562-209903-4-4464_266 11958453 500, 3000,i 0,ALCL3
l&O42356 52816055 20448452-109302-3-25606267 11958463 3000, 5000,1 0,ALCL3
1 _ I 9 1 13 0 0 0 0 0 0 0 0JAtiAF 03/64 iii ALFO

I_020056 38690055 14880052 650586-5-58992956 87698062 I000, 3000,1 0,ALFO 1
14020056 38690055 14894552 160258-5-58833_56 87698052 3000, 5000,1 0,ALFO 1
1 I I 13 0 0 0 0 0 0 0 0 0 0JA_AF 06/63 ALH

" 62000055 23387055 88538751 181289-3-70865856 63829062 500, 3000,1 O,ALH
62000055 23387055 95119551 483217-4-30412857 63829052 3000, 5000,1 0,ALH
1 1 1 _ 1 13 0 0 0 0 0 0 0 0JANAF 12160 ALHO

34470054 36734065 14807352 231376-4-15546257 80355052 500, 3000,i O,ALHO
34_700&4 36734065 14399162 973440-4 11574766 80355052 3000, 5000,1 0,_LH.

1 1 2 8 1 13 0 0 0 0 0 0 0 OJANAF 12/60 ALH02
I0900066 48C50055 19145152 162758-3-25325767 98976052 500, 3000,1 O,ALH02
10900056 49353055 20_74362-19_656-3-83376457 98976052 3000, 5000,1 0,ALHO2
I 7 1 13 0 0 0 0 0 0 0 0 0 0J_N_F 12160 MLN

10450056 24067055 89246051 115329-3-21237056 74297052 500, 3000,1 0,ALN
10450056 24067055 86167751 172650-3 10104557 74297052 3000, 5000,1 0,ALN
I 8 1 13 0 0 0 0 0 0 0 0 O 0JANAF 03162 ALO

21398055 _3H05055 89558751 772498-4132962566 71859052 500, 3000,1 0,AL0
21398055 23_05055 91640851 387904-4-11651157 71859062 3000, 5000,i O,ALO
2 13 6 17 0 0 0 0 0 0 0 0 C 0JANAF 03/64 iii AL2CL6

30920056 11629056 437070&2 353763-5-64481256 21144653 1000, 3000,1 O,AL2CL6 1
_0920056 11629056 43710162 159950-5-62028766 21144653 3000, 5000,1 0,AL2CL6 1

1 8 2 13 0 0 0 0 0 0 0 0 0 0JANAF 09161 _L20
31440955 35q70055 13889152 485413-5-66326556 91200052 500, 3000,i O,_L2S
_1440055 35970055 14465652-108570-3-27892057 91200062 3000, 5000,1 Q,_L2C

2 8 2 13 0 0 0 0 0 0 0 0 0 OJA_AF 12161 :,_Z_2
q5397055 50497065 19859352 22409115-13414457 10566553 500, 3000,1 0,AL2G2
95397t_5 50497055-185468&Z 738440-Z 14499559 _0566553 3000, 5000,I O,AL202
1 4 0 0 0 0 0 0 0 0 0 0 0 0JA,,_F 09161 8_

782550&5 13_3_065 46469561 112298-3 33437456 _4021062 500, 3000,1 0,BE
?_255065 13438055 I05_97-3 109147-2 14771458 .=021062 3000, 5000,1 0,BE
I 4 1 17 0 C 0 0 0 0 0 0 0 0JAX:AF 03/64 111 BECL

30000064 23983065 89341151 908676-4-22243556 71909052 i000, 3000,1 0,BECL 1
30000054 23983065'894691&l 882523-4-_6706956 71909062 3000, 5000,i O,8ECL I

. 1 4 2 17 0 0 0 0 0 0 0 0 0 OJAhAF 09/61 BECL_
57911965 38_20955 14699652 608946-4-4259_966 89904952 riO0, 3000,1 O,BECL_

-- •lJ!lllII ..... __ l ........................ l llil[ .j_"IF"
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TABLE A-1 (continued)

57911965 38820965 14900762 485558-6-60489366 89904962 30000 5000=I 0=BECL2
1 4 1 q 0 0 0 0 0 0 0 0 0 OJA,,AF 03/63 8=F

49678055 23468065 88869961 919571-4-42176666 68402062 5000 3000,1 OoBEF

_967PO&5 23468065 84293461 174020-3 14813767 68402052 30000 5000,1 O,BEF

1 4 2 9 0 0 0 0 0 0 0 0 0 0JA,,AF 12/63 B_F2 i
19130066 37416065 14790562 289774-4-11567267 82283062 500, 3000,1 0,B_F2
19130066 37416055 13815462 209528-3 27448167 82283062 30000 5000,1 0,BEF2

1 3 1 4 3 9 0 0 0 0 0 0 0 0JANAF 12/62 BEF3LI
21200066 6492U955 25003962 245923-3-13832767 11553563 500, 3000,1 O,BtF3LI
21200066 64q20965 25820_&2 207241-5-21513467 11553563 3000, 5000,1 O,BEF3LI

1 1 1 4 0 0 0 0 0 0 0 0 0 0JA..AF 3/63 B_H
76768055 22936055 87722451 184173"3-92490866 60772062 5000 3000,1 0,B_H
76768065 22936055 88473961 160554-3-96355666 60772062 30000 500001 OoBEH
I I I 4 1 8 0 0 0 0 0 0 0 OJA,_AF 09/63 8_Hu i

25000065 32173055 12985462 208547-3-23949467 785130&2 500e 3000,1 O,B_H.
25000065 32173065 13903352-916197-5-47778467 78513062 3000, 5000,1 O,8EM.

2 1 1 4 0 0 0 0 0 0 O 0 0 0JA..AF 12/60 B_H2
30000065 34578065 14580762 757364-4-27716257 67653062 500, 3000,1 0,8£H2
30000065 34578065 15355662-872682-4-53447067 6765_062 3000, 5000,1 0,B_H2

2 l 1 4 2 8 0 0 0 0 0 0 0 0JA,,AF 09/63 BEH2v2
15950066 59395065 24452452 313890-3-47355067 10366763 5000 3000,1 0,BEH2v2
15850056 59395065 25282962 957844-4-63211667 10366763 3000, 5000,1 0,BEH2u2

1 4 1 7 0 0 0 0 0 0 0 0 0 0JA,_AF 06163 BE,,
10199956 23659965 87183561 168927-3-25321766 69292962 500, 300001 0,B_.

: 10199966 23659955 89412651 102713-3-47170466 69292962 30000 500C,1 0,Bt,_
I 4 1 8 0 0 0 0 O 0 0 0 0 OJA,,AF 09/63 B_v

31000065 23184065 98545061 909641-4-55257066 66142062 500, 3000,1 O,Bt. 1

; 31000065 23184065 89416751 685229-4-73120456 66142062 3000, 5000,1 0,3_. 1
2 4 4 17 0 0 0 0. 0 0 0 0 0 0JANAF 12/60 BE2CL4

17899966 84452965 31682652 340183-4-45656966 16202763 500, 3000,1 0oBE2CL4
17899966 84452965 31787662 1_1294-5-521197&6 16202763 30000 5000,1 0,BE2CL4
2 4 i 8 0 0 0 0 0 0 0 0 0 OJA_AF 09/63 B_2u

15000065 37534965 14188262 210823-3-6_158356 82927962 500, 3000,1 0,BE2
15000065 37534965 14904052-185011-6-!4266867 8292?952 3000, 5000,1 0,8_2.

2 4 2 8 0 0 0 0 0 0 0 0 0 0JA,,AF 09/63 8_2J2
98000055 49836055 19785452 2087_6-4-16301157 98856062 5000 3000,1 0,8_2.2
98000055 49836055 19288362 113721-3 33709656 98856062 30000 5000,1 008b2_2
3 4 3 8 0 0 0 0 0 0 0 0 0 0JA,wAF 09/63 8E3U3

25200066 76880065 31614962 406679-4-41304867 12470253 500, 3000,1 0,BE3u3
25200066 76_83055 32026_52-453443-4-55155557 12470263 30000 5000,1 OoBb3_3
4 4 4 8 0 0 0 0 0 0 0 0 0 OJA.,AF 09/63 B_4v4

3_0000&6 10785666 43611262 233046-4-43931467 15656263 500, 3000,1 0,BE_.4

38000056 10785666 43940952-408308-4-56294167 15656263 3000, 5000,1 0,8E4.4
5 4 5 8 0 0 0 0 0 0 0 0 0 0JA..AF 09/63 8_5v5

50500056 13716966 55387462 617881-4-54257167 18429963 500, 300001 0,8_5.5
50500066 1_716966 55519762 226391-4-55592767 18429963 3000, 5000,1 008E5.5

6 4 6 8 0 0 0 0 0 0 0 0 0 OJA,_AF 09163 8E6u6
63600066 16637366 67240562 798827-4-65803867 21157263 5000 300001 O,8E6v6
63600066 16637366 66523962 197656-3-33114567 21157263 30000 500001 008_6.6

1 5 0 0 0 0 0 0 0 0 0 0 0 0JA.,AF 12/60 8
13261866 13424065 50602461-307108-4-98564165 48121062 5000 3000,1 008
13261866 13_24065 50745861-121838-4-72635366 4_121062 3000, 500001 0,8

1 5 2 9 1 17 0 0 0 0 0 0 0 OJANAF 12163 8CLF2
21160066 50383065 19831162 886329-5-14740367 10626763 500, 3000,1 O,BCLF2

21160066 50383065 19558062 581861-4-34753466 10626763 3000, 5000,1 0,BCLF2
1 _ 1 9 2 17 0 0 0 0 0 0 0 0JANAF 12/63 8CL2F

1
Ik --_-III I _L . II I • _ -
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TABLE A-1 (continued)

I_.00066 9111_069 198.8062 578197-9-11017e&7 110.2363 500. 3000,1 O,RC65F,
I%.00006 %1119065 19805762 126636-_-95435066 11042363 3000, 5000,1 0o8¢6_F

1 5 1 9 0 0 0 0 0 0 0 0 0 O_A,,AF 15/60 8F
.5.690_5 232890_5 887795&I 901824-.-gZ610966 66936062 500o 3000ei OeBF
.5489065 23289065 81685961 210896-} 27933667 66936062 3000o 5000ei OoSF
I % i B I 9 0 0 0 0 0 0 0 OJA,,AF 12163 BFv

I_.00066 37_66065 I"B01762 227294-4-1360526? B6390062 500o 3000,1 OoBF.
1..00006 37.66065 15787062-169659-_-501365_7 84390062 3000o 5000,1 OoBFv
I 9 2 9 0 0 0 0 0 0 0 0 0 OJA_AF 12/62 8F2

13000066 352_90_5 13798162 306556-4-97951566 87486062 500, 300Oil OoSF_
13000056 35269065 14866762-178860-3-507Z5567 87486062 3000o 5000ei OeBF5

1 1 1 5 2 9 0 0 0 0 0 0 0 OJA,.AF 15165 BF2N
17539966 .72799&5 175176&2 676573-3-126325&7 96918962 500o 3000.1 OoBFSN
17539906 .7279965 19823162 685930-5-39299767 94916962 3000t 5000t_ OoBF2N

1 5 _ _ 2 9 0 0 0 0 0 0' 0 OJA,_AF 12165 BF_v
2.o9qq&6 _9731q&5 19010662 259083"3-10608967 10327103 500o 3000ol OeBFSv
24999966 .9731965 19867362 528861-6-18983067 i032716_ 3000o 5000oi OoBF2v

1 5 _ 9 0 0 0 0 0 0 0 0 0 OJA,_AF 12163 BF3
27010066 _96940_5 19764362 26013_'6"17692567 10031763 500o 300Oil OoBF3
27010066 4969.065 19010062 16_17-3 13377567 10031763 3000t 5000._ OoBF_

1 1 1 5 0 0 0 0 0 0 0 0 0 OJA,,AF 03163 BN
10963068 22637005 87172361 193099-3-11_SaO&7 5932.0&2 500, 3000tl OoeH
10563066 22637065 96234661 127652-6-645'_6867 5932.062 3000t 5000o_ OtBN

1 _ 1 5 1 8 0 0 0 0 0 0 0 O_A,.AF 12160 BNv
671270&5 35603065 14297462 167620-3-201136&7 76673062 500. 3000el OtBNv
.71270&5 356030_5 11239262 644865-3 13_967&g 76.73062 3000. 5000ol OeBNv

1 1 1 5 2 8 0 0 0 0 0 0 0 OJA,_AF 06163 BN_2
13410006 .566.0&5 18228062 425108-3-_0_06467 924900&2 500. 3000.1 OoBHv5
13_10066 .56640&5 1687_662 521159-3 69979867 926900_2 $O00t 5000.1 OeBHv2

2 1 1 5 0 0 0 0 0 0 0 0 O" OJA,.AF 12/60 BM2
660000&5 327480&5 13181962 199298-_-21136667 72822062 500o 3000tl OeBN2
660000&5 327480&5 133_1162 907704-4-5B0069&6 72822062 3000o 5000ol OoBN2

2 1 1 5 2 _ 0 0 0 0 0 0 0 OJA,,AF 12/80 8H2v2
.5000005 59706065 26630762 263&B1-3-476319&7 10907&63 500o 3000ol OoBH2v2
450000&5 597060&5 2_601562 206036-3-5_630667 10907463 3000_ 500Oil O_BNZv5

3 1 1 5 0 0 0 0 0 0 0 0 0 OJA,_AF 12/60 BN3
18000065 424590&5 179007&2 501613-3-49570957 76379062 500. 3000.1 OoBH3
1R000065 42459065 18689062 214061-3-464!3_&7 76379062 3000o 5000.1 OeBH3

3 1 1 5 3 8 0 0 0 0 0 0 0 OJA,,AF 03161 BH3U3
23860006 86073065 3568.662 478_90-3-720.19&7 13180803 500. 3000_1 OtBN3v_
23860066 86073065 37752962-i05305-6-_5753768 13180863 3000o 5000oI OtBN3v_

1 5 1 7 0 0 0 0 0 0 0 0 0 OJA;.AF 09163 B,.
15200006 24462065 88011061 108795-3-11566666 69936062 500_ 3000_1 OoB,.
15200066 264620&5 88075061 998189-4 72366665 69936002 3000o 5000ol 0e8_
I 5 I 8 0 0 0 0 0 0 0 0 0 OJA,_AF 06/62 RU

574_00&4 226450&5 862197&1 136981-3-631706_6 6702_0&2 500o 3000ol OeBv
574_0066 226_5065 80348661 210552-3 56_6_$67 6705_062 3000, 5000,1 O,Bv

1 5 5 8 0 0 0 0 0 0 0 0 0 OJA,.AF 06163 8v2
72800085 37930065 14855262 119400-4-99943S66 85636002 500, 3000.1 OeBv2
726000&5 37_30069 11826g&5 637770-3 93_85967 85636065 3000, 5000,1 OeBv5

5 0 0 0 0 0 0 0 0 0 0 0 OJA,,A_ 15/60 85
199300_6 23809065 89101761 115093-3-3519_='.6 678510&2 500. 3000,1 0,85

" lq930066 53809065 72445561 615560°3 60791e67 67551065 3000, 5000,1 0,B5
1 4 2 5 4 8 0 0 0 0 0 0 0 OJA;_A_ 12/65 B2B_v4

31960066 90291065 37311565 103876-3-56373567 16595663 500, 3000,_ OeBSBEv4
• 31960066 90551065 3646876Z 244001-3-163534_7 14295663 3000, 5000.1 OtBSBEv4

• . I I .... ".......... . III .........................
11
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TABLE A-1 (continued) !

2 5 4 9 0 0 0 0 0 0 0 0 0 OJA,_AF 12/6_ B2F4

14219q&6 77100965 29445462 401125-3-16275457 13749063 500, 3000,i O,B2F4

3421o066 77100965 90793562 121509-5-29627467 13749053 3000, 5000,1 0.82F4
1 2 % _ 8 0 0 0 0 0 0 0 OJAxAF 03/66 82H4U4

30699966 12574066 45088762 266027-2-33260567 17964353 500, 3000,I 0,82H&u_

30699966 12574066 54311952 450391-4-15723568 17964353 3000, 5000,1 O.SZM4v4
6 1 2 5 0 0 0 0 0 O C 0 0 OJA..AF 12/64 B2H6

97999o&4 o5766965 34157362 274368-2-38016667 12553953 500, 3000,1 O,B2H6
q7_qco&4 0576_965 _3528652 258895-4-14763068 12553953 3000, 5000,1 O.B2H6

2 5 2 8 0 0 0 0 0 0 t 0 0 OJA._AF 03/61 B2u2

11160066 51550065 20788552 370455-5-25133157 98397062 500. 3000,1 0,82v2
11160066 51550065 19664162 203148-3 28490857 98397052 3000, 5000,1 0,B2_2

2 5 3 8 0 0 0 0 0 0 0 0 0 0JA,_AF 03/61 82u3

21010066 61507055 25777762-153675-4-42751457 11171053 500. 3000,1 0,52_3
21010066 61507055 23Q28662 345774-3 329_0267 11171053 3000, 5000.1 0.82_3

2 1 3 5 I 8 1 9 0 0 0 C 0 CJA._AF 12/65 83FH203

3_199966 11819966 44494262 150977-2-35241357 16600753 500, 3000,1 0,83FH2u3

3_1999&6 11819966 49606562 101166-4-90440657 16600753 3000, 5000,1 0,83FH2v3
1 1 3 5 3 R 2 9 0 0 0 0 0 0JAr_AF 12/65 83F2H03

_T&99966 12073366 _6025062 107470-2-33048567 17250263 500, 3000,1 O.B3F2HU3 _
a7499o&6 12073366 _9641062 564339-5-69782667 17250253 3000, 5000.1 C.83F2HU3 )

, 3 5 3 8 3 9 0 0 0 C) 0 0 C 0JA,\AF 03/65 B3F3_3 j
T 56530066 12323a&6 47239562 722094-3-29233_&7 17908563 500, 3000.I O.83FSU3

56530066 12323466 _9656162 357165-5-52729567 17908553 3000, 5000,1 0,83F3U3
3 i 3 5 3 8 0 0 0 0 C 0 0 OJA.wAF 03/65 B3H303

29100066 11549666 _2777162 198595-2-36811_&7 15736553 500, 3000.1 O,S3H3v3

i 29100066 11549666 _9556362 166186-4-11521668 15736553 3000. 5000,1 O,B3,3u33 1 3 5 6 " 0 0 0 0 0 0 0 OJA...AF 12/64 83H3J6

| 5_299066 16088966 59469_&2 222751-2-38164267 20830953 500, 3000.1 0,B3H3U6

54299966 16088966 67236562 437510-4-14758158 20830953 3000, 5000,1 0,B3H3u6

i 6 1 3 5 3 7 0 0 O 0 C 0 _ OJA.._AF 03/65 83H613 112189966 1501_066 53739752 387996-2-51894467 18038353 500. 3000.i O,B3MT.w3 4

121Rqn&6 15018066 67133162 581970-4-22542968 1803a353 3000, 5000,i 0,83H6._3
- 1 6 0 0 0 0 0 0 0 0 0 C 0 OJA_AF 03/61 C

I 17088666 13550065 444433&I 228125-3 40983066 49287052 500, 3000,1 O.C
[

17088666 13550065 41221251 261908-3 26288667 49287052 3030, 5000,1 O,C
{ 1 5 1 6 0 0 0 0 0 0 0 0 0 OJA'_AF 06/63 C8

i 19"00066 23387065 98710161 987600-4-46166666 68965082 500, 3000,1 G,CB19_00066 2_87065 86450061 1347F0-3 59985366 68965052 3000, 5000,1 O,CB

I 1 6 I 17 0 0 0 0 0 _ 0 0 0 OJA_AF 12/6C COL

13200066 217R5065 89051361 416720-4-15433356 73651062 500, 3000,1 O,CCL
11200066 23785065 85708861 993826-4 12956757 73651062 3000, 5000,1 0,CCu

1 6 3 9 I 17 0 0 0 0 0 0 0 0JANAF 03/64 iii CCLF3
16600()&6 65432065 25705352 334186-4-172_4467 12068053 I000, 3000.1 O,CCLF3 1

I 16600066 6543?065 _SR24352 146187-5-19327587 12068053 3000, 5000,1 O,CCLF3 II 6 I 7 i 17 0 0 0 0 C 0 _ OJANAF 12/60 CCLN

32200065 37509065 4159976_-i09631-0-65141969 86893052 500, 3000,1 O,CCLN

i 32200065 37509065 13_74462 286947-3 34895867 _6893062 3000, 5000,1 0,CCLN

1 6 1 4 1 17 0 0 0 0 0 0 0 OJA_AF 12165 CCtO
15000065 35511965 13126962 228137-3-40866366 92661952 500, 3000,1 0,CCLO
15000055 35511965 13900352 148315-5-12_88957 92661952 3000, 5000,1 O,CCL3

i 1 6 2 17 3 0 0 0 0 0 0 0 0 0JANAF 03/65 COL2

75000065 38300965 13733562 52625_-4-38161766 936_8962 500, 3000,I O,CCL2

79000065 36300965 13911462-748B04-7-56029866 93648952 3000, 5000,i OeCCL2
1 6 2 9 2 17 0 0 0 0 0 0 0 0QANAF 03/64 111 CCL2F2

115OC0&6 66_24065 25747762 227257-4-13902657 12562953 1000, 3000,1 OeCCL2F2 1

i ,
L •
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TABLE A-1 (continued)

11500056 66224055 25828862 844195-6-15424557 125629&3 3000, 5000,I 0,CC_2F2 i
1 6 1 8 2 17 0 0 0 0 0 0 0 OJA_CAF 12/60 CC_2_

52600055 50595055 19734852 333599-_-1331_I&7 10889953 500, 3000,1 b,CCL2_

52600055 50595055 18_74552 170558-3 18068357 10889983 3000, 50OOol O,CCL2_J

I 6 3 17 0 0 0 0 0 0 0 0 0 OJANAF 03/65 CCL3

34999955 51660955 19596752 821072-4-80355686 11328253 500, 3000,1 O=CCL3

3_999985 516609&5 19862552 165563-5-8236_656 i132_253 3000, 5000,I 0,CCL3

I 6 i 9 3 17 0 0 O 0 3 0 0 OJA_AF 03/6_ iii CCL3F
68000055 66993055 25781152 137845-4-I066288v 12891153 1000, 3000,1 0,CCL3F 1

68000085 66q93055 25833352 838371-7-11661087 128911_3 3000, 5000,1 0,CCLSF 1
1 6 _ 17 0 O 0 0 0 0 0 0 0 OJANAF 12/60 CCL4

25940055 67654085 25827752 144070-5-82897766 12998353 500, 3000,1 O,CCL_
259_0055 676540_5 25302352 998371-4 12433957 12998353 3000, 5000,1 O,CCL4
I 6 I 9 0 0 O O 0 0 0 0 0 OJA,_AF 03/61 CF

7&a00085 23_63085 S89829&i 9_2918-4-_6950386 70128082 500, 3000,1 O,CF
7a_00055 23a63055 81097451 2_1697-3 2647_557 70128082 3000, 5000,1 0,CF
I 6 I 7 I 9 0 0 0 0 0 0 0 0JA,_AF 06/61 CF'._

30O00O&4 37014055 14675652 528937-4-15692457 8_695052 500, 3000,1 O,CF_

3000008_ 37014055 15682152-153382-3-50579457 83695052 3000, 5000,1 0,CF,_
i 6 I = I 9 0 0 O 0 C 0 C 0JA_'AF 12/65 CFC

_009o�&5 3_797065 13007182 264190-3-61832586 87319952 500, 3000,1 0,CFO

a0999q&5 3L7q7055 13956252-1315iT-4-19423_&7 87319982 3000, 5000,1 0,CFu

1 6 2 9 0 0 0 0 0 0 0 0 0 OJA'_AF 12/63 CF2

30000085 34974055 !3855202 128704-4-11869657 87632052 500, 3000,I 0,CF2

300000_5 q4974055 I_254252-646_08-4-_6853887 87632052 3000, 5000,1 0,CF2

1 6 1 R 2 q 0 0 0 0 0 0 0 OJA._AF 12163 CF2J

152500&_ 49056055 19696752 418619-_-20635887 10060763 500, 3030,i C,CF2J

15250056 _9056055 19529152 62185_-&-l1047787 10060783 3000, 5000,1 O,CF2u
1 6 3 9 0 0 0 0 0 0 0 0 0 OJA_:AF 12/63 CF3

I16500_6 _9860055 19786552 200977-4-166384_7 10216153 500, 3000,i O,CF3

11650086 _9860055 19657562 404qlT-4-10531057 10216153 3000, 5000,1 0,OF3

1 6 4 9 0 0 C 0 0 C 0 0 C OJA'.AF 12/63 CF_
22200056 64542055 24363782 395728-3 72301055 11362783 500, 3000,1 0,CF_

72200056 64542055 265_3052-135_03-3-51896667 11362783 3000, 5000,1 O,CF_
1 1 I 6 0 0 0 0 0 0 0 0 3 OJA'\AF 03/61 CM

1_200686 22130055 82607951 302211-3-I0018&&7 61612082 500, 3000,1 0,CH

I_200686 22i300_5 70709181 _63281-3 55286057 61612052 3000, 5000,I C,CH
I 1 1 6 3 17 0 0 0 0 0 0 C 0JA_AF 12/60 CHCL3

25900055 6_76055 25277q62 125963-3-287fl2_67 1212_553 500, 3000,I C,C_CL3

25030C&5 63_76055 25785062 237794-5-&1056167 12124553 3000, 5000,1 C,CHCL3
I I i 6 i S i q 0 0 0 0 0 0JA'\:AF 06/61 CMFO

90000055 _6239965 16782162 8788_3-3-12835287 94441952 500, 3000,1 O,CMF_
_0_00955 _623q955 19800852 951575-5-_9809067 94_41952 3000, 5000,1 0,CMFu
1 1 1 6 3 q 0 0 0 0 0 O 0 OJA':AF 12163 CHF3

16_13056 61103_&5 25211352 141526-3-_0040557 I09C8253 500, 3000,1 O,C_F3
16510056 61133055 25928452-R24709-4-60301957 10908253 3000, 5030,1 C,CHF3

i 1 I 6 i 7 0 0 0 0 0 0 0 OJA_AF 03161 CH,,

31200055 355930_5 1370_352 552243-3-22895557 75862052 500, 3000,I O,CM'_
31200055 35593055 17889552"295052-3-18367158 75862052 3000, 5000,1 0,CM,_

I I I 6 i 7 I 8 0 0 0 0 _ OJA'AF 12/60 CM_S

27900085 46193055 17970152 469024-3-20090_&7 92899082 500, 3000,1 0,CH".L
27900055 _6193055 21016752-229915-3-10556858 92899052 3000, 5300,I C,CM..;

" I I I 6 I 8 0 0 0 0 0 0 0 OJA_AF 03161 CM_

29000054 32367055 12803352 300638-_-20172157 78983052 530, 3000,1 3,CMu

290000&& 3_367065 10302852 633312-3 I_161558 78983052 3000e 5000ei 0$CMG

. ? 1 1 6 0 0 0 C 0 1. _ 0 0 0JA'.AF 12162 CM2

|

.......... , , ,................. m , ,

i
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i

!
TABLE A-1 (continued) i

e

95000065 32996065 13289462 413822-3-29027367 68494062 500, 3000,1 0,CH2
95000065 329960&5 14072862 132150-5-23949367 68494062 3000e 5000,1 0,CH2
2 I 1 6 2 17 0 0 0 0 0 0 0 0JANAF 12/60 CH2CL2

22400065 59579065 24735562 249585-3-4BI??4&? 11026963 500, 3000,1 0,CH2CL2
22400065 59579065 25879962-161283-4-79431667 11026963 3000, 5000,1 0,CH2CL2

2 1 1 6 2 9 0 0 0 0 0 0 0 0JA',:AF 12/63 CH2F2 i
10720066 57924065 24691362 260835-3-56416487 10222863 500, 3000,1 0=CH2F2
10720086 57924065 25694762 19fiT07-4-815777&7 19222863 3000, 5000,1 0,CH2F2
2 1 1 6 i B 0 0 C 0 C 0 0 0JA"AF 03/61 CH20

27700065 43791065 iB402262 379921-3-43198257 8488P062 500, 3000,1 0,CH20
27700065 43791065 18962862 161963-3-37277067 84888062 3000, 5000,I O,CH2U
3 1 1 6 0 0 0 0 0 0 0 0 0 0JA_AF 12/62 OH3

319_0065 43419365 18276362 401025-3-46120367 78604062 500, 3000,1 0,CH3
31940055 _3419065 20489962-IOR028-3-I1469268 78604062 3000, 5000,1 O,CH3
3 I I 6 1 17 0 e 0 0 0 0 0 OJANAF 12/60 CH3CL

20634065 56030065 24135362 388635-3-65450467 97220052 500, 3000,1 O,CH3CL
20634065 56030065 25659862 197863-4-10306568 97220062 3000, 5000,1 O,CH3CL
3 1 I 6 1 9 0 0 0 0 0 0 0 0JA_AF 12/63 CH3F

56000085 55223065 24143462 386480-3-70190467 93532062 500, 3000,i 0,CH3F

56000065 55223065 25720762 9E5709-5-I1046068 93532062 3000, 5000,i O,CH3F
i 4 1 1 6 0 0 0 0 0 0 0 0 0 OJA",AF 03/61 CH4

17e95065 53079065 23094852 677896-3-75506167 82597062 500, 3000,1 0,CH4
17_95065 53079065 23605362 374323-3-36823467 82597062 3000, 5000,i O,CH4
1 6 1 7 0 0 0 0 C 0 0 0 0 OJA"AF 12/62 CN

10900n&6 23249065 65590661 115326-2 47951766 66976062 500, 3000,I 0,CN
I00000_6 232_qo&5 98801361 313855-3-64945367 66976062 3000, 5000,i O,CN

1 6 1 B 0 0 0 0 C 0 0 O C OJA',AF 03/61 CC
26_17065 22357065 86504061 117021-3-89821156 65370062 500, 3000,i O,CO

264170_5 22357065 11549662-424139-3-13156368 65370062 3000, 5000,i 0,CO
1 6 Z 8 0 0 0 0 0 0 0 C 0 OJA_AF 03/61 CO2

94054065 36535065 14455962 210386-3-18239267 79848062 500, 3000,1 0,002

940540&5 36535085 15645162-3S15_l-4-60276867 7984B062 3000, 5000,1 0,CO2
2 6 0 0 0 3 0 0 0 0 0 O 0 OJA',AF 9/61 C2

lqR99q&6 24699065 77661261 696081-3 18564966 68551962 500, 3000,i 0,C2
Ie899966 246_9055 10416262 566841-4-64020567 68551962 3000, 5000,1 0,C2
1 4 2 6 0 C 0 0 0 0 0 0 0 OJA_,AF 12/63 C28E

13500066 36774065 17404262-702548-3-57291567 81618062 500, 3000,1 0eC2BE
13500056 3677&065 13676662 233788-3 25356367 81618062 3000, 5000,1 O,C2OE

2 6 2 9 0 8 0 0 0 C C C 0 CJA,',AF 12/60 C2F2
i 51300065 5_669065 20699362 38328B-4-17578867 I0291863 500, 3000,1 O,C2F2

51300065 52669065 21215562-681801-4-35277667 10291863 3000, 5000,1 0,02F2
2 6 4 9 0 0 0 0 0 0 0 0 0 OJA_AF 06163 C2F4

15170066 79312065 31673562 255243-4-30613267 13485663 500, 3000,1 0,02F4
15170066 79312065 30538262 247246-3 11698267 13485663 3000, 5000,1 0,C2F4
2 6 6 9 0 0 0 0 0 0 0 0 0 DJA\:AF 09/65 C2F6

316799&6 I08115&6 41707362 306660-3-21902267 16581963 5DO, 3000,1 0,C2F6
31679966 10811566 42944082-413096-4-39250867 16581963 3000, 5000.1 0,C2F6

1 1 2 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C2H
11739566 34962065 13421062 469100-3-18750967 78114062 500, 3000,1 0,C2H
11739556 34962065 14851662 109402-3-50386267 7811_062 3000, riO00,1 C,C2H

2 1 2 6 0 0 0 0 0 0 0 C 0 OJA_..AF 03/61 C2H2
5_190055 48257055 18996062 769044-3-40903967 84969062 500, 3000,1 0,02H2

: 54190055 4_257065 20395262 3_9062-3-64529767 84969062 3000, 5000,1 0tC2H?
3 I 2 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C2H3

! 65q25065 56243065 23006562 691322-3-4990956? 96515062 500, 3000,1 0,C2H3

i 65925065 56243065 23903362 331771-3-33542567 96515062 3000, _000,I 0,02H3

g

r_
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TABLE A-I (contin,led)

4 1 2 6 0 0 0 0 0 0 0 0 0 OJA_AF 12/60 C2M_
12496055 67683055 29488752 526568-3-R6531357 i01790&3 500, 3000,1 OoC2H4
12496055 67683055 31387262 _16238-4-13185858 10179053 3000, 5000,I 0,C2H4
4 1 2 6 1 8 0 0 0 0 0 0 0 OJA'4AF 12/60 C2H40

12190065 81321055 35374752 546144-3-96493657 i1721153 500, 3000,1 0,02H40
12190055 81321055 37311262 690621-_-14196858 i1721153 3000, 5000,1 0,C2H_0
6 1 2 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6161 C2H6

20320055 89271055 48423652-169721-2-19368058 i1944753 500, 3000,1 OoC2M6
20323055 99271055 39311962 764877-3-38389157 11944763 3000, 5000,1 0,C2H6
2 6 2 7 0 0 0 0 0 0 0 0 0 OJA_,AF 3161 C2:42

73869955 51107065 18874062 559856-3-89687366 98547962 500, 3000,i 0,C2N2
73869955 51107055 20820462 630229-5-34686557 98547962 3000, 5000,1 0,02N2
3 6 0 0 0 0 0 0 0 0 0 0 0 OJANAF 12160 C3

18967056 36622055 14644162 622536-4-16822757 79841062 500, 3000,1 0,C3
I_967056 36622055 14478262 792232-4-64687766 79841062 3000, 50C0,i 0,03
I I 3 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C3H

12770356 4_962055 19_46452 508379-3-31193357 928820_2 500, 3000,I 0,f3H
12770356 48962065 19958262 2_568713-63251456 92882062 3000, 5000,1 0,C3H
2 1 3 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C3H2

10652256 63517055 24744452 992918-3-_3759667 10466663 500, 3000,1 0,C3H2
I0652256 63517055 26662362 364767-3-46773067 10466663 3000, 5000,1 0,03H2

3 1 3 6 0 C 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C3H3
76485055 70952065 28692962 766031-3-54809857 11360463 500, 3000,1 0,C3H3
76485055 70952055 29167262 456238-3-13860157 11360_&3 3000, 5000,i O,03M3

4 1 3 6 0 0 0 0 0 0 0 0 0 0DUFF BAUER 6/61 C3H4
44294055 822_7055 37221962-528861-_-i01994&8 12029363 500, 3000,1 0,C3M4A
44294065 82747065 34427162 578173-3-20851567 12029363 3000, 5000,i O,C3H4A
5 1 3 6 0 0 0 0 0 0 0 0 C ODUFF BAUER 6161 C3H5

32431055 94621065 39732562 958555-3-90468357 14175953 500, 3000,1 0,C3M5
324310&5 94621065 39507362 733720-3-94976656 14175963 3000, 5000,I 0,03H5
3 6 2 8 0 0 0 0 0 0 0 0 (} OJA_AF 12160 C302

83000064 65212055 26377562 I03904-3-35036857 11272363 500, 3000,1 0,0302
83000064 65212055 2635_352 882201-4-28709157 I1272353 3000, 5000,1 0,C302
1 17 0 3 0 0 O 0 3 0 0 0 0 0JANAF 03161 EL

_8922055 14028065 508338&I-272037-4 29001356 51623062 500, 3000,1 O,CL
28922055 14028065 539251&i-770696-_-I1457367 51623062 3000, 5000,I O,CL
1 1 I 17 0 0 0 0 0 0 0 0 0 OJANAF 03161 CLH

21970055 21864055 839693&i 214828-_-12547557 62364062 500, 3000,1 O,CLH
21970055 21864065 83717761 193261-3-44600266 62364062 3000, 5000,1 O,ELM

I 1 i 8 i 17 0 0 0 0 0 0 0 OJA_,AF 12/60 CLHO
22000055 32945065 13028162 197747-3-20019167 82826062 500, 3000,1 0,CLMO
22000055 32945065 14386062-989737-4-62108267 82826062 3000, 5000,1 O,CLMO
I 7 i @ i 17 0 0 0 0 0 0 0 OJANAF 12160 CLNO

12620055 37109065 13815662 387830-3-10183_&7 925_5062 500, 3000,1 O,EL_O
12620055 37109065 14639062 226016-3-40594967 925_5052 3000, 5000,1 O,CLNO
i 7 2 8 I 17 0 O 0 C 0 0 0 OJANAF 12/60 CLNO2

63100064 49932065 19786952 190793-4-1711_557 10506863 500, 3000,1 0,CLNO2
63100054 49932055 197732&2 21_66-4-16519167 10506863 3000, 5000,1 0,CLN02
1 8 1 17 0 0 0 0 0 0 0 0 O 0JANAF 12/60 CLO

24192065 24057065 88920151 123702-3-17120656 74094062 500, 3000,1 O,CLO
24192055 24057055 81072761 268314-3 29950267 74094062 3000, 5000,1 O,CLO
1 8 I 17 I 73 0 0 0 0 0 0 0 OAERO_U7 12163 CLOTA

26900065 39454q_5 I&801362 307113-_-24758556 99681062 500, 3000,1 O,CLOTA
, 26900055 394_4965 14900962 429203-6-32626556 99681052 3000, 5000,1 O,CLOTA

1 R 1 17 I 22 0 0 0 0 0 0 0 0JANAF 09163 CLOT|
5_399955 39322965 14808152 287419-4-29123756 95781952 500, 3000,1 O,CL_TI

.... ' ",..... " , ,_:,' '. i" _-L/'I_ .......... , ......
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TABLE A-1 (continued_

58_99q&5 39322965 14907582-497840-6-39653766 95781962 3000e 5000,1 0,CL3TI
2 8 1 17 0 0 0 0 C 0 0 0 0 OJANAF 12/60 CL02

25000065 36578065 13849162 190480-3-68975956 91134062 500, 3000,1 O,CL02
25000065 36578065 13178862 311873-3 206hOB&7 91134062 3000, 5000,i O,CLO2

l 2 8 1 17 1 73 0 0 0 C 0 0 0 OAFRONUT 12/63 CL02TA
i1790066 51008965 19006452 131954-3-30859966 11201963 500, 3000,1 O,CLOZTA
11790056 51008965 19004862 132242-3-30245066 11201963 3000, 5000,i O,CLOaTA
1 17 1 73 0 0 0 0 0 0 0 0 0 OAERONUT 12/63 CLTA

10_99966 24049965 89406161 481168-6-36511365 _0719962 500, 3000,i O,CLTA
10999956 24049965 894068&i 373406-6-34207365 80719962 3000, 5000,i O,CLTA
I 17 i 22 0 0 0 0 0 0 0 0 0 OJANAF 03/64 111 CLTI

II120065 24969055 8943_061 213417-3-50949855 80357052 I000, 3000,1 0,CLTI 1
11120066 249690&5 89431261 213789-3-58466665 80397062 3000, 5000,1 O,CLTI 1
1 17 1 40 0 0 0 0 0 0 0 0 C OJA_AF 09/64 CLZR

13H20066 24_7965 89395961 182985-3-40935965 82320962 500, 3000,1 O,CLZR
138200_6 24847965 894871&I 181211-3-7_166965 82320962 3000, 5000,1 O,CLZR

2 17 0 3 0 0 0 0 0 0 0 0 0 OJANAF 03/61 CL2
0C3000-0 24429065 85223461 273227-3 28771866 73760062 500, 3000,i O,CL2
000000-0 2_&29065 I0032962-141907-4-554731&7 73760062 3000e 5000,1 O,CL2

• I 8 2 17 0 0 3 0 0 0 0 0 0 OJANAF 12/60 CL20
18100365 36363065 13865062 123715-4-43322956 93711062 500, 3000,i O,CL20

18103065 36360065 13757462 285555-4 98290955 93711062 3000, 5000,1 O,CL20
! 1 8 2 17 I 73 0 0 0 0 0 0 0 3AERONUT 12163 CL20TA

10380056 47891955 17640062 182442-3-1923266b 11414863 500, 3000,1 O,CL2OTA
i 10380056 47891955 17639462 182657-3-19307656 11414863 3000, 5000,i O,CL20TA

I 8 2 17 1 22 0 0 0 0 0 0 0 OJA_AF 09/63 CL20TI
| 13040066 52740965 19789162 249143-4-29599256 12093453 500, 3000,I O,CL2OTII

i 130_0066 52740955 19867262 941633-6-35194466 12093463 3000, 5000,i OeCL2OT|, 2 8 2 17 I 74 0 0 0 0 0 0 0 OJANAF 09/62 CL202W
17669956 66621965 25305352 156514-3-89921956 12998863 500, 3000,I 0eCLZO2W
17669956 66621965 25825352 144163-5-13924767 12998863 3000, 5000,1 O,Ct202W
2 17 1 73 0 0 0 0 0 0 0 0 0 OAERONUT 12/63 CL2TA

33000055 40020955 14898362 186835-5-80783865 10406453 500, 3000,1 0,CL2TA
33000065 40020955 14898962 885973-6-59883565 10406453 3000, 5000,1 0,CL2TA

2 17 1 22 0 0 0 0 0 0 0 0 0 OJANAF 03/64 111 CL2TI ,
72300055 39929055 14904552-165309-6-11756256 10167253 1000, 3000,1 O,CL2TI 1
72300065 39929055 14909462-837104-6-143133&6 10167253 3000, 5000,1 O,CL2TI 1
2 17 I 74 0 0 0 0 0 0 0 0 0 OJANAF 09/62 CL2W

41999965 37377955 13906852 121848-5-67990655 10626963 500, 3000,1 O,CL2W
_1999955 37377965 13906462 699149-6-49490665 10626953 3000, 5000,1 O,CL2W

: 2 17 1 40 0 0 0 0 0 0 0 0 0 OJANAF 06162 CL2ZR
: 78000065 37413065 139084&2 616176-6-56513665 10530663 500, 3000,1 O,CL2ZR

78000055 37_13065 13916062-927493"6-83699255 10530653 3000, 5000,I O,CL2ZR

i _ 3 17 I 73 0 0 0 0 0 0 0 0AERONU7 12163 CL30TA
I_7200&% 60274965 22740362 955899-4-60437056 13650453 500, 3000,1 O,CL3OTA
18720056 80276955 22299962 220000"3 29021661 13650453 3000, 5000,1 O,CL30TA

3 17 I 73 0 0 0 0 0 0 0 0 0 OAERONU7 12/63 CL3TA
43999955 53321965 19865_&2 199767-5-12117366 12367463 500, 3000,1 0,CL3TA
43999965 53321965 19873462-2Z8699-6-13319866 12367463 3000, 5000,i 0,CL3TA

3 17 I 22 0 0 0 0 0 0 0 0 0 OJANAF 03/64 111 CL3TI
12Q30066 52761065 19867862 118482-5-32789866 12046963 1000, 3000,1 0,C137I 1

12930066 57_61065 19_70352 3"1686-6-32848866 12046963 3000, 5000,1 0,CL37I I
3 17 1 40 0 0 0 0 0 0 0 0 0 OJANAF 06164 ¢L3ZR

14400056 53227965 19862162 323901-5-15_085&6 125542&$ 500, 3900,1 O,CL3ZR
14400066 53227955 19871662 145442-6-15397266 12554263 3000, 5000,! O,CL3ZR
i _ 4 17 I 74 0 0 0 0 0 0 0 OJA_AF 09162 CL40W
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TABLE A-1 (continued)

15919956 82825965 31401962 i16882-3-91400566 15351863 500o 3000.1 OoCL40w
15919966 82829965 31785962 166981-5-12592867 15351863 3000o 5030o1 0,CL40_
4 17 I 74 0 C 0 0 0 0 0 0 0 OJANAF 09162 CL4w

81999955 68376065 25775462 175999-4-46080366 13943763 500o 3000o1 O,CL4W
8!999965 68376065 25829362 900417-6-49552066 13943763 3000o 5000+i O,Ct4W

4 17 1 73 0 0 0 0 0 0 0 0 0 OAERCNU7 12/63 CL4TA
13599956 69103965 25799862 118271-6-19996366 15045263 500o 300061 O,CL4TA
13599956 69103965 25796852 470731-_-18268266 15045263 3000o 5000.1 OoCL4TA

4 17 1 22 0 0 0 0 0 0 0 0 0 OJANAF 03/64 111 CL_TI
182410_6 68866055 25830152 i04658-5-32701166 i_216163 i000, 3000,1 O,CL_TI i
18241056 688660_5 25833062 192447-6-32959766 14216163 3000. 5000.i O,CL4TI 1

4 17 1 40 0 0 0 0 0 0 0 0 0 OJANAF 12/63 CL4ZR
20703066 69130065 25875062-109792-4-30730066 1_670663 500. 3000.1 OoCL4ZR
20_03066 69130065 25676252 298633-4 379778C6 146706b3 3000. 5000.1 C.CL4ZR
5 17 I 73 0 0 0 C 0 0 0 0 0 OAFRO_UT 12/63 CLSTA

18299956 84260965 31599762 116090-6-36994566 17089663 500. 3000.1 U,CLSTA
1A299966 P_260965 31603962-684834-6-3861_966 17089663 3000. 500001 OoCLSTA

5 17 1 74 0 O 0 0 0 0 C 0 C OJA_AF 12/62 CLSW
1184q966 8469_965 31680162 572370-4-35833866 17470563 500. 3000,1 O,CLSW
llq_9q&6 8t,_o8965 31859652-311503-6-42035866 17_70553 3000, 5000,1 O.CLSW

6 17 1 74 0 0 0 0 C 0 _ C C CJANAF 12/62 CLTW
14200=&6 10382655 37726852 9_5293-5-3_858866 18334163 5.30, 3000,i O,CL6W
14200056 10082666 37759662-3116_9-6-42035266 18334163 3000, 5000,1 O.CL6W
1 9 0 0 0 0 0 0 0 0 0 0 0 OJA_+AF 06/61 F

18860069 13683065 48903061 256070-4 21541366 49791062 500, 3000,1 OeF
18860065 136_30_5 583971&l-157585-3-36587h&7 49_91062 3000, 50C0,I 3,F
I 1 1 9 0 0 O 0 :_ 0 0 0 C. OJAKA¢ 12/63 FH

64900065 2105_065 77554661 348201-3-12246_&7 58697062 500, 30C0,i 3,FH

6_800065 21054065 888981&I 799284-4-41903867 5_697062 3000, 5000,1 O,FH
1 1 1 8 1 9 0 0 0 0 0 0 0 OJANAF 12160 FHO

26100055 3266_065 12735662 288514-3-18050167 79942062 500. 3000,1 O,FMO
26100065 32668055 15410052-262264-3-I1881468 79942062 3030, 90_0,1 C,FHO
1 3 1 9 0 0 0 0 0 0 0 G 0 OJANAF 12/63 FLI

79499965 24120965 88469561 165100-3-19130766 67782952 530, 30_0,I O,FLI
79499965 241209&5 89364761 137543-3-25295866 67782952 30000 5000,1 0,FLI

1 3 1 8 1 9 0 0 0 0 0 0 0 OJANAF 09/65 FLIO
21_99965 36131965 13731362 53_540-_-43833066 88447062 500. 3000,1 0,FLIC

21999965 36131965 13917462-I14126-5-63910766 _8_47062 3000+ 5000.1 O.FLIO
1 7 1 9 0 0 0 0 0 0 0 0 O CJA_._F i2/60 F_

58600055 23438065 900098&l-168131-4-400908&h 68351062 500, 3000,I _,F_
59600065 234380&5 82258461 144314-3 22248667 68351062 3000, 5000.1 O.FN
I 7 I 8 1 9 0 0 0 0 0 0 0 OJA_AF 06/61 FNO

15700055 35180065 13756362 383019-4-I0555767 87811062 500. 3C00,i 0.FNO
157000_5 361_0065 12974252 179442-3 _1727667 87811062 3000, 5000,1 C,F_O
I 7 2 8 i 9 0 0 O C 0 o e OJA_.AF 12162 F_02

19000065 49474065 19706562 _01052-4-183510t,7 1015_263 500. 3000.1 O.FN02
19000065 _9474065 18912362 183090-3 14525967 10153263 3000, 5000,1 O.FN02

1 8 1 9 0 0 0 0 0 0 0 0 0 OJANAF 12/60 FO
_2400065 23438065 880849&1 432306-4-15731566 70193062 500. 3000.1 O,FO
32400065 23438065 76312961 227095-3 58512267 70193062 3000. 5000,1 C.FO
1 8 I 9 i 73 0 0 0 _ 0 0 0 CAERO\UT 12/63 FOTA

76_00065 39246065 14789462 340405-4-31102556 96065962 500, 3000.1 0.FOTA
76300065 39246065 14912662-147296-5-46131266 96065962 3000, 5000e1 O.FOTA

1 8 1 9 1 22 0 0 0 0 0 0 0 OJA_:AF 09/63 FOT!
" 103_9966 39011965 14771962 396376-4-38603166 92153962 500, 3000.1 OeFOTI

103_9956 39011965 14899762 713489-6-_8512956 92153962 3000. 5000,1 C,FOTI

, r
_ I i1_ --" - _llrllmllllll m., , .......
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i

TABLE A-I (continued)

2 8 1 9 1 73 0 0 0 0 0 0 0 OAERONUT 12/63 FO2TA
16719986 50966065 1894B_62 173489-3-33204366 11336663 500, 3000,1 O,FO2TA
167199&6 50966065 18960962 171315-3-38614586 11336663 3000, 5000,1 O,FO2TA

1 9 1 73 0 0 0 0 0 0 0 0 0 OAERONUT 12/63 FTA
60699955 23R86955 89272361 450179-5-87707065 77779962 500+ 3000,1 0,FTA
60699955 23886955 89443961-414824-6-10937266 77779962 3000, 5000,1 O,FTA

1 9 1 22 0 0 0 0 0 0 0 0 0 OJAP£AF 06/61 FTi
56000055 24042055 89504361 762307-4-10832666 75970062 500, 3000,1 O.FTI
56000065 24042065 90345961 608954-4-54253466 75970062 3000, 5000,i C,FTI
1 9 I 74 0 0 0 0 0 0 O 0 0 OJANAF 09/62 F_

97895965 23972955 88903161 841821-4-15177566 79985962 500, 3000,i OeF_

97895965 23972965 894147&I 686576-4-19307286 79985962 3000+ 5000.i O,Fw
I 9 1 40 0 0 0 0 0 0 0 0 0 OJA_AF 06/61 FZR

11000065 24218055 89581761 841_53-4-15058566 785080&2 500. 3000.1 O,FZ_
II0000_5 24218055 I0004252-i16989-3-41334067 78508052 3000, 5000,1 O.FZ_
2 9 0 0 0 0 0 0 0 0 0 _ 0 O_A>;AF 121h_ F2

000000-0 24432065 87485261 271736-3-63434065 68570_&2 500, 3000,i 0,F2
000000-0 24432055 59149761 ?36861-3 13720468 68570062 3000. 5000.i OeF2

2 3 2 9 0 0 0 0 0 0 0 0 0 OJA_AF 12163 F2LI2
22159966 52487955 19816952 167257-4-38841066 10729663 500, 3000,I O,F2LI2
221599_6 52487965 19872352 141994-7-_35642h6 10729663 3000. 5000,1 OeF2LI2

1 7 2 9 0 0 0 0 0 0 0 0 0 OJA<AF 12/52 F2_
89000054 35786055 1_849062 160322-4-67637956 88870062 500, 3000,1 O.F2N
89000¢54 35786065 12479352 272689-3 47208557 888?_062 3000, 5000,1 O,F2N

2 7 2 9 0 0 0 0 0 0 0 0 0 OJA_AF 12/65 F2a2
16399q&5 50001955 1913_552 216848-3-10092367 10200863 500, 3003,I 0.F2_2

16999q&5 50001965 19869662 383455-6-17444157 10200853 3000. 5000,1 C.F2_.2 i: 1 8 2 9 0 0 0 0 0 0 0 0 0 OJA_AF 03/61 FZC +

76000064 3615HO&5 13831862 250576-4-489744b6 88861062 500, 3000,1 O,F20 i
76000064 36158065 13420562 770492-4 20537867 8B861052 3000+ 5000,1 0,F20

1 8 2 _ j 7_ 0 0 0 0 0 0 0 OAERO_UT 12/63 F2OTA
20249q&6 _7806Q&_ 17523062 265850-3-2390206h 11234953 _00, 3000,I O,F2OTA
20249966 47806955 17516052 266844-3-20366266 11234363 3000, 5000.I O.F2OTA

1 q 2 9 1 22 0 0 0 0 0 0 0 OJANAF 09/63 F207|

22099956 519_4965 19719462 456765-4-54_28566 110B81_3 500, 3000,1 O,F2OTI
. 22099966 51944965 19865162 118467-5-65438556 11088163 3000, 5000,1 O,F20T!

1 8 2 9 1 74 0 0 0 0 0 3 0 OAEROHUT 12163 F20W
95999955 47995955 175998&2 254860-3-22902986 I1004663 500, 3000,I C,F2CW

& 95999w&5 47995q55 1759"752 255170-3-218751&6 11004663 3000, 5000,1 O,F2CW9

2 8 2 9 l 74 0 0 0 0 0 e O OA_RO_UT 12/63 F202w

i 24599966 60720965 22439862 274953-3-37507166 124_6263 500, 3000,1 O,F202w
24599966 60720965 22437862 275128-3-36233266 124_6263 3000, 5000,1 O,F202W

2 9 1 73 0 0 0 0 0 0 0 0 0 OAFRONUT 12/65 F27A

65499955 39591965 14872462 959617-5-21_01066 96640962 500, 3000,i O,F2TA
65499965 39591955 I_906_52-456384-h-25295656 96640962 3000, 5000.1 O,F2TA

2 9 1 22 0 0 0 0 0 0 0 _ 0 OUA_AF 12/60 F2T!
13200066 36102065 13_65462 119966-4-55327R&6 94864062 500, $000,1 O,F2T!
13200066 36102065 13371562 100616-3 14995367 94864062 3000, 5000,1 O,F2T|

2 9 1 74 0 0 0 0 0 0 0 0 0 OAERONUT 12/63 F2W
t2999954 _9663955 14_72162 947230-5-19420366 97311962 500, 3000,1 C.F2W
32999964 39663965 14907852-6_451-6-2_256966 97311962 3000, 5000,1 O,F2_

2 9 1 40 0 0 0 0 0 0 C 0 _ OJANAF 06/30 F2ZR
14670066 366930&5 13852562 160322-4-24845666 918940&2 500, 3000,1 O,F2ZR
14670066 36693065 13444962 876927-4-14846467 91894062 3_00, 5000,1 O,F2ZR

3 3 ? 9 0 0 0 0 0 0 0 0 0 OJA_AF 12/63 F3£13
36199966 81683965 3133_662 137648-3-12923567 13729663 500, 3000,1 OeF3L|3

........ _ n _ IIIII I II I .... Ilia WII ......... I w III J _ _

1969010478-103



TABLE A-1 (continued)

361999&6 81683955 31794552 197223-6-172059&7 13729653 3000. 5000,1 OoF3LI3
• 1 7 3 9 0 0 0 0 0 0 0 0 0 OJA_AF 03164 111 F3N

30_30065 50RO6365 19RI_452 151977-_-11073_&7 103342&3 1300, 3003,1 O,F3N i
30400065 50806065 198669&2 781936-6-I19096&7 I033_253 3300, 5300.i O,F3N 1
1 8 3 9 I 73 0 0 0 0 0 0 _ 0AEROqUT 12163 F3OTA

33529966 60014965 21917152 38_0_7-3-79923956 125967&3 500e 3000,I O_F3QTA
33529956 60014955 21907462 3835_3-3-252957_6 125967&3 30C0, 5000,1 0,F3OTA

3 9 1 73 0 _ S 0 O C 0 0 0 OAERO_UT 12/63 F3TA
!91999&_ 52691955 19_26052 135945-4-32224785 I17_3053 500, 30GC.I OoF3TA
19199%66 52691965 19_75952-6_906-6-38615186 I1743053 3000. 5_00.I O.F3TA

3 9 I _2 0 0 0 0 0 0 C C 0 OJA_AF 12/60 F3T|
; 255300_6 51662055 19905352-952653-5-84_25356 11067553 500, 3000,! C,F3TI

75%30066 51662055 20197952-621437-4-20120867 11067553 3000, 5_0C,1 _oF3TI
3 9 1 _0 0 0 0 C 0 0 O 0 0 CjA_AF 12161 F3ZR

27110066 52_20065 19903_&2-_41175-5-577756&h I15320&3 500, 30_0.I O.F3ZR
27110066 52420085 20021982-306387-_-_999b&_ 11532053 3000, 500C,I O.F3ZR
2 7 4 9 0 0 0 0 0 0 0 0 O 3jANAF 03/6_ 111 F4_2

?OOOOO&4 80672055 31693662 272636-4-20112167 13659963 i000_ 3000,1 O.F4N2 1
20_00354 A3672055 31786362 152639-5-21775567 13659963 3000, 5000,1 0,F4N2 1
1 8 4 9 1 7_ 0 0 0 0 C 0 C 3JA%AF 36/62 F_3_

3375_056 _1_04065 31747262 118742-4-17630667 14376263 500, 3333.1 C.F40_
3375H056 81504055 31319352 903628-4-3_6SD7h5 i_37_263 30_0, 5¢08.1 O.F_w

9 1 73 0 0 0 0 0 0 0 O 0 OAERO_UT 12163 F_TA
31799966 ._3_3955 25769362 192790-4-_6952366 13361463 500, 3000.1 _,F4TA

• 31799956 68_.3955 25835252-_00238-6-53159066 13361453 3000, b000.1 O,F4TA
4 9 I 22 0 0 0 C 0 C 0 0 0 _j_P_F 09161 F4TI

37140066 675_0065 25906C&2-204668-4-10050367 1'286_263 5C0, 3000,1 C,F4TI
371400,.6 67540065 27039962-730624-3-55355457 17868263 3000. 5000,1 C,F_TI
4 9 1 74 0 n 0 0 0 0 n 0 0 OACRONUT 12163 F_W

20999986 65_67955 24777252 187399-4-40060166 13884053 500_ 3000,I 0,F4d
_0999956 65_67955 24838052 340119-6-45092156 1388_053 3000, 5000,1 0,F_

4 q 1 _0 0 0 0 3 0 C C 0 0 OJ&;';_F 12/6_ F4ZR
39720066 681540_5 25F53362-533097-5-65985366 13553053 500, 3000,1 3,F4ZR
397_0066 69154055 2652546_-133738-3-33233957 13553053 3000. 5030.1 J_F4Z_

5 9 1 73 0 0 0 0 0 0 0 0 0 3AERO_UT i2/6_ FSTA
44399966 82679065 30999862 101836-3-50696356 150022&_ 500, 3030,1 O,FSTA
443999&6 _2679055 31003452 1010_6-3-51933_&6 15002253 3000. 5000,1 O,FSTA

5 9 1 ?(. O 3 C 0 0 0 0 C; 0 OAEROi_UT 12163 FS..
3R_999_6 81757965 30805762 3651_5-4-54221366 15320263 500, 3000,1 0,F5W
383999_6 81757955 30810062 361122-4-57068466 1532025? 3030, 5000,1 3,F5_

6 9 1 74 0 0 0 O 0 0 0 0 0 OJANAF 12163 F6W
42100056 9_781055 37775662-531038-5-126632&7 16305_&3 500, 3000,1 O,F6W
_2100056 98781065 26457252 20339_-2 4823_958 16305453 3000, 5000.1 0,F6_

1 72 0 0 0 C 0 0 0 C 0 0 0 OAERONUT U-2045 3/63 MAF
i_50056 18179055 75o511&I 169886-_-13237157 58861052 500, 3C¢0,I G,HAF
14550056 18179055 18300451 130_2_-2 15698158 58_61052 3000, 5030ei CeHAF

1 17 1 72 0 0 0 O 0 0 0 0 0 OAENONUT 12163 MAFCk
299999&_ 2_01_965 89383861 125_36-5-_641?265 8_12_962 500, 3000,1 0,HAFC_
2999995_ 2_018955 89396861 37321k-6-34212155 82128962 3000e 5000_1 0,HAFC_

2 17 1 72 0 0 0 0 0 0 _ _ 0 0A_RONU7 12/63 HAFCL2
_999965 39971955 1_96_52 1985-.1-5-96995465 10401553 300_ 3000,1 C,HAFCL2
F5999965 39¢719_5 14914752-1?l_b-5-158_68&_ 10kO1553 1000, 5000,1 _,MAFCL2

3 1 7 1 7_ 0 0 0 0 0 0 0 0 0 OAERONUT 12163 MAFCL3
!5_99956 532_7955 19860052 367_21-5-1_877&6 13099553 500, 3000_| 0_HAFC_3

• 15899966 532_7965 19862362 158512-5-I0937_&6 13099553 3000e 5000,1 OeMAFC_3
4 17 1 72 0 _ 0 0 0 0 0 0 0 0AE_ONUT 12163 HAFCL_

- " '= , , ,, • , ,L J I _

1969010478-104



e

TABLE A-1 (continued)

21_00066 691_3965 2581_262 _69797-5-20098266 1..9550&_ 500o 3000o1 0oHAFCL4
21300066 691_3965 25829_&2 6573_0-6-I_308066 1_955063 3000o 5000ol 0oHAFCL_

1 g 1 72 0 D S 0 C 0 (_ 3 0 0AF_C_T U-20_5 3/63 HAFF
710300&5 23_0_085 899371&l-13922J-_-2083_966 7932_U&2 500o 3000.1 0oHAFF
?lO000f. 5 23B0_055 991818&l-10719_-3-38662867 79328052 3000o 50_0ol 0eHAFF

2 9 I 72 0 C 0 0 O 0 0 3 0 3AERO*_UT U-?0_5 3/63 HAFF2
1_300056 39528065 1_2802 588_53-5-2_769_b6 983630_? 530o 3000,1 0.HAFF2
1,900_;._ 3952_065 1_25_3_2 123301-3 223_9757 98363J&2 3000. 50.;C.1 LoMAFF2

3 9 1 72 _ C 3 0 0 C 0 J C OA_RO_;UT _-20_5 3/_3 HAFF3
2_000056 525590_5 19_61162 297_2_-5-_I_39"6_ 12091_G3 505, 3COC.I C,HAFF3

28000066 52%59065 18635&&2 23_933-3 _32668&? 12091_&3 3000, 5000.I 0cHAFF3
_ I 72 0 0 0 0 0 0 0 0 0 OAEWONUT U-20_5 3/63 MAFF&

_1000066 683421_&5 25924162-2_2u20-_-6,Bl_O&6 13881063 500. 3000.1 .U,_AFF4
&10000_.6 68_a2065 25888162-912862-5-79763166 13_81063 3dC3. 5CCD.I _.HAF_
i _ 1 17 1 72 _ _ 0 ._ Z D 3 OAF_O'._UT 12163 HARCLO

_OgOg&5 ]n_53965 l&8213&2 ?ll&Ol-_'2_972166 1012_l&3 5:Ce 3g0C.I CeMAFCLU
_8_99g_5 39&539&5 l&97_662-1109I_-&-76865366 i0126163 3000. 5000,1 0#HAFCLO
I _ 2 17 1 72 0 0 0 0 C 0 0 CAERONUT 1216_ HAFCL20

l&R9qq&6 52660965 19725762 2861&l-&-31177766 12362363 500. 3000,1 0eHAFCL20
I_S999_6 526_09@5 198_3262-1723&_-&-_ll_2766 12362363 3000. 50OC.I 0,MAFCL_O

: 1 q 1 0 1 "2 0 C '2 _ _ 0 D _AF ....._T _-20_5 3/6_ MAFOF
lOoOtO_6 3_225065 l&_93O&? 288115-5-_0196066 9_03052 5CO, 3C;00,I C.HAFOF
I0o00056 3q228065 1&_06262 959603-_ I&658967 :;8a03062 3000. 5000,1 0oMAFOF

1 _ 2 9 1 72 0 0 0 0 0 0 C 3A_RO_;UT U-20_5 3/63 HAFOF2
, 2_000&6 5218_0&5 199057&2-95032_-5-6_1316&6 11753863 50C, 3¢00,1 O,_AFOF2
- 2_,00066 521_&O&5 20_068_-99R&VV-_-27116667 11753853 3090, 5..C0,1 C._AFC¢2

i 1 q 1 72 C 0 0 0 3 C C C C 3AERC.-'UT U-20_5 3/63 _AFC
3._OOP&5 23591P&5 89RTl_61-129961-_-331I_l&6 75955062 500, 3C00,1 _eHAFO

%3_00065 23531365 103_2262-267763-3-S6_28767 75955062 3000, 5000,i 0,HAFO
: ? 8 I 72 0 O 0 0 0 0 0 0 0 0AERO_UT U-20&fi 3163 HAF02

85000055 38882065 14918462-439346-5-5_71_666 92540062 500, 3000,1 C,MAFO2
S5C00_55 38_2065 1558P3&2-132986-3-31538267 925_0352 3000, 50C0,I C,_A_02
1 1 0 o 3 _ 0 3 0 ¢ c 0 0 0_A_.ar 12/60 M

52102055 I%_23065 &8022361 555669-& 17309566 38862362 500, 3C90.I C.M
52102065 13_23065 30875261 315025-3 9297_&7 38862062 3000. 5000,I 0,H
1 1 1 3 0 0 O 0 0 C 0 0 C 0JA_AF 12160 MLI

32099965 23913965 _5_7061 317570-3-28279866 60252062 _00, 3000.1 O,HtI
t2099965 21913¢65 _93fi_.! 2126_2-3-61529066 60252062 1000. 50_0,1 0._LI
] 1 I 3 I 8 0 0 0 C {_ 0 P 0JA_AF 03/66 HLIO '

_,799o&5 32567065 11392662 68930_-3-53652166 77787962 500, 3000,1 C,HLIO
58799965 125_7065 13772662 18_203-_-62018567 77787962 3000, 5000,I 0,HLIO
1 I 1 ? 0 0 0 0 0 0 0 0 O 0JANAF 12160 MN

79200065 Zi766065 82313361 281555-3-12689667 60924062 500e 3000,I 0,MN
792000&S 21766065 76565761 359853-3 |80778&7 609_9062 300Co 5000,I CeMN

1 1 1 7 1 R 0 0 0 O 0 C O 0JA_,AF 12/60 HNC
_q000_5 _2795065 13382062 122{_1-3-232_0367 ?B3850&_ 500. 3000,1 0,MNO
23900065 3275_065 l_152362-_?0_2_-&-_69135&? 78385062 _000, 5U00,1 O,MNO

1 1 1 7 2 R 0 0 0 0 0 0 0 0JANAF 06/63 MN02
lq3k0065 k6_"0065 19027862 1897_k-3-30875267 96231067 500o 3000o1 0,HN02
I,_0065 _6_¢0065 2102X_&2-22901?-3-97_618&? 962310b2 3000, 5000,1 0,Mh02

1 | 1 7 3 R 0 0 0 0 O 0 0 CJA':A_ 06/63 M_03
32100065 60912065 2535_862 60515_-_-_5053267 11085103 500, 300001 _,H_O3
32100065 60Q12065 26620362-1_5?_5-3-102656&8 110851&3 3000, 5000,1 0,MNO3

1 1 1 8 0 0 0 0 0 0 0 0 0 0JANAF 12160 MO
93_OOa&_ 21_0_065 773193&1 39_3e6-3-973561&6 613S2062 500, 3000,1 O,MO
q_t000&_ 21_0_065 _651_&l-_3528-_-6_611557 61382062 3000, 5000,1 O,MO

e
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TABLE A-I (continued)

1 1 2 8 0 0 0 0 0 0 0 0 0 0JANAF 03/64 111 H02
• 50000084 32534065 12716162 292770-3-17227987 79979062 1000, 3000,1 0oHO2 1

50000084 32534065 13902862 147088-4-39955167 79979062 3000, 500061 0,HO2 1
1 1 1 40 0 0 0 0 0 0 0 0 0 OJA_AF 06/63 HZR

12339966 23644965 85864461 254949-3-28166266 70906062 500, 3000,I 0oHZR
12339966 23644965 89378461 150671-3-62871256 70906062 3000, 5000,1 0,HZR

2 1 0 0 0 0 0 0 0 0 0 0 0 0JANAF 03/61 H2
000030-0 2]210965 71196361 621950-3-71269_&6 _8465062 500, 3000,1 0,H2
000000-0 21210065 68179_&1 589854-3 26510667 48_65062 3000, 5000el OeH2
2 I 2 3 2 8 0 0 0 3 0 0 0 OJA_AF 12/60 H2LI202

169399&6 725849&5 2616_362 152064-2-19733187 11527353 500, 3000,1 O,H2LI202
16939966 725849G5 31500862 392659-4-10004588 11527363 3000, 5000,1 O,H2LI202
2 I 1 7 0 0 0 0 0 0 0 0 0 OJANAF 12/65 H2N

_0099965 30579985 97586281 114401-2-518970&6 70158082 500, 3000.1 O.H2N
_0099955 305799&5 1374_962 229493-4-61002_&7 7015HO&2 3000, 5000,I C,H2N

2 I 1 8 3 0 0 3 0 0 0 3 0 0JA_AF 03/61 H2C
57798065 30201065 11225_62 811397-3-26080067 68_21062 500, 3000,1 O,H20
57798065 30201065 15727862-1915_8-3-17359968 68421062 3000. 5000,1 O,H20

2 1 4 8 1 74 0 0 O 0 0 0 C OJANAF 09/64 H2OktV
21_59c66 Q_183985 3_955562 805073-3-15_65387 15978663 50_, 3030,I 0,H204W
21659986 q_183985 37709062 63_5_3-5-_7621587 15978663 3000, 5000,i 0,H204W

3 1 1 7 0 0 0 0 0 C 0 0 0 0JAKAF 09/_5 H3N
I0970065 41630965 12518662 219670-2-97853186 76908062 500, 3000,I 0,H3N

I0970065 41630965 16632C&2 923148-3-36133767 76908062 3000, 5000,I 0,H3_
4 1 2 7 0 0 0 0 0 0 0 0 0 0jA_:AF 12/65 H4_2

22789985 68535965 22985662 241933-2-19593157 10809963 500, 3000,1 0,H4_2
22789965 68535965 31431962 487945-4-13970558 10809983 3000, 5000,1 0,H4_;2
1 3 0 0 0 0 0 0 0 0 0 0 0 OJAEZF 06/62 LI

38410065 13523965 47276381 158709-3 47137885 4a651962 500, 3000,1 0,LI
38410065 13523965-809815-0 140477-2 16240368 4z'651962 3000, 5000,1 0,LI
1 3 I 7 0 0 0 0 0 0 0 0 0 OJA_AF 12/60 LIN

3899ag&5 23166985 %50929&I 208208-3-29628586 69614982 500, 300$,I 0,LI_\
389999_5 23166965 89383281 7_4435-4-76190486 69614962 3000, 500C,I 0,LIN
I 3 I _ 0 0 0 O 0 C 0 0 0 OJA'.AF 0316_ LIO

20099965 24307965 88963861 151565-3-14477166 70614962 500, 3000,I 0,LIO
20099965 24307965 89485661 136844-3-21689066 70614962 3000, 5000,1 O,LIO
2 3 0 0 0 0 0 0 8 0 0 0 0 OJA_:_F 03/64 LI2

50400065 25480985 893959&I _2_634-3-400773£5 69350062 500, 3000,I C,LI2
50400065 25480965 89377261 324325-3-15283955 68350062 3000, 5300,1 3,L12
2 3 1 8 0 0 0 0 0 O 0 0 0 OJA_AF 03/6_, LI20

39900065 39011965 14731052 5149_I-4-37370666 87047962 500, 3000,i 0,L|20
39900065 39011965 14906362-213693-6-55540566 87047962 3000, 5000,I 0,LI20 i
2 3 2 8 0 0 0 0 0 0 0 0 0 OJANAF 03/64 L1202

57999065 52042065 19649362 _03308-5-24407566 I0989083 500, 3000,1 0,L1202
5T999965 52942965 19873162113C535-6-26823766 10989063 3000, 5000,1 0,L1202

1 7 0 0 0 0 0 0 0 0 0 0 0 OJANAF 03/61 N
11296566 13437065 48694461 383516'4 95846065 _8090062 500, 3000,i 0,N
11296566 13437055 42895761 240844-3-41727366 48090062 3000, 5000,1 0,N
1 7 1 8 0 0 0 0 0 0 0 0 0 OJA_A= 06163 NO

21580065 22700065 87762361 899031-4-78965656 6_849062 500, 3000,I O,NO
21580065 22700065 91626061 657885-5-21251967 _8849062 3000, 5000,1 O,NO
I 7 2 8 0 0 0 0 0 0 0 0 0 OJANAF 06/63 NO2

80110064 34580065 137819&2 315611-4-1337_567 84889062 500, 3000,1 0,N02

80110064 34580065 13015_&2 172586-3 1753_057 8_889062 3000, 5000,1 0,_02

• 1 7 3 8 0 0 0 0 0 0 C 0 0 OJANAF I_/64 _03
17000065 49821965 19230162 I_i161-3-I1212987 99897062 500, 3500,i C,N03

i "
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TABLE A-I (cbntinued) !

17000055 _9821965 19870962 577142-7-17291367 99897062 3000, 5000,1 OoN03
I 7 I _0 0 0 0 0 0 0 0 0 0 OJANAF 06/63 NZR ,

17049956 23917965 88707851 94_200-4-17136356 75669052 500, 3000,1 OeNZR
17049956 23917955 89_I16&I 730310-4-?2728056 75669052 30000 500001 OoNZR

2 7 0 0 0 0 0 0 0 0 0 0 0 OJANAF 03/61 N2
000000-0 22165055 86269961 116090-3-10371567 63765052 500, 3000,1 O,N2
000000-0 22165065 98417561-116232-3-61272857 63765062 3000, 5000,1 OoN2
2 7 I 8 0 0 0 0 0 0 0 0 0 OJANAF 12/60 N20

19500055 36545065 14468652 120489-3-15347687 81590062 500, 3000,1 0o_20
19500055 36545055 12303652 459018-3 94238257 81590052 3000, 5000,1 OoN20

2 7 3 8 0 0 0 0 0 0 0 0 0 OJANAF 12/6_ N203
19799955 61779955 23212162 477580-3-12410357 12321763 500, 3000,1 0,N203
19799955 617799&5 24830452 I02872-5-293892&7 12321753 3000, 5000,1 0,N203
2 7 4 8 0 0 0 0 0 0 0 0 0 OJANAF 9/6= N204

216999&L_ 78596965 29773462 594431-3-17883357 13490863 500, 3000,1 0,N204
21699954 78596955 31781562 175630-5-38596957 13490853 3000, 5000,1 0,N204

2 7 5 8 0 0 0 0 0 0 0 0 0 OJANAF 12/64 N205 i
21699964 91575965 35305162 147295-3-16305067 15671953 500= 3000,1 0o_205
21699954 91575955 35736552 624545-5-171267&7 15671963 3000, 5000,1 0,N205 !
1 8 0 0 0 0 0 0 0 0 0 0 0 OJANAF 06/62 0

59559055 13522065 49722861 380768-5 15474965 50096052 500, 3000,1 000
i 59559055 13522065 65748961-224268-3-89178267 50096062 3000, 5000,1 0,0

: 1 8 I 73 0 0 0 0 0 0 0 0 0 OSCHICK 12/63 OTA
51973065 23810965 88060461 880117-4-I_468856 78473962 500, 3000,1 O,OTA
51973055 23810955 78853061 270582-3 32125567 78473962 3000, 5000,1 O,OTA
1 8 1 22 0 0 0 0 0 0 0 0 0 OJAN,,F 12/60 OTI

15100055 23684055 89432451 52_336-4-31988966 75439052 500, 3000,1 O,OTI
15100055 23684065 940250&l-354311-4-208089&7 75439062 3000, 500001 0,071

1 8 1 74 0 0 0 0 0 0 0 0 0 OJANAF 3/63 OW
10500066 23864065 90046651 349295-4-31005886 81140062 500, 3000,1 O,OW

10500056 23864055 99714561-142914-3-42093567 81140062 3000. 5000,I O,OW i
1 8 I 40 0 0 0 0 0 0 0 0 0 OJANAF 06/61 OZR

211C0055 21519055 70818661-324544-4 29770356 74158052 500, 3000,1 O,OZR
21100055 21519065 69643661-798961-6 53886156 74158062 3000, 5000,1 O,OZR

2 8 0 0 0 0 0 0 0 0 0 0 0 OJANAF 03/61 02
000000-0 23_6065 80437061 510872-3-15271856 67973062 500, 3000,1 0,02
000000-0 234_60&5 10307162 290991-_-78307957 67973052 3000, 5000,1 0,02

2 8 I 73 0 0 0 0 0 0 0 0 0 OSCHICK 12/63 02TA
46708065 39885965 14065162 660868-3-42963266 94731952 500, 3000,1 O,OZTA
46708055 39885965 17785762-328414-3-72044167 94731952 3000, 5000,1 O,02TA

2 8 1 22 0 0 0 0 0 0 0 0 0 OJANAF 12/60 02TI
79800055 38586065 14855062 129468-4-65607566 88086062 500, 3000,1 O,02TI
79800065 38586065 13866962 200463-3 31735767 88086062 3000, 5000,1 O,02TI

2 8 1 74 0 0 0 0 0 0 0 0 0 OJANAF 06/62 02_
21000065 36402065 13844262 177526-4-36485656 9_996062 500, 3000,1 O,02W
21000055 36402065 13075662 159997-3 27122657 95996062 3000, 5000,1 O,02W

2 8 1 40 0 0 0 0 0 0 0 0 0 OJANAF 06/61 02ZR
82500055 38775055 14891262 309724-3-60754766 90354062 500, 3000,1 O,02ZR
82500055 38775055 14999062-192239-4-97534756 90354062 3000, 5000,1 O,02ZR
3 8 0 0 0 0 0 0 0 0 0 0 0 OJANAF 6161 03

34100055 36023055 13531162 238739-3-60651166 _6091962 500, 3000,] 0,03
34100055 36023065 13912152 125613-3-98065456 a6091962 3000, 5000,1 0,03

3 8 1 74 0 0 0 0 0 0 0 0 0 OJANAF 3/63 03W
70000065 51866055 198723521425236-6-72053166 11137_&3 500, 3000,1 O,03W

' 70000065 51866065 19044752 158010-3 2_504167 11137=63 3000, 5000,1 O,03W
9 8 3 74 0 0 ,3 0 0 0 0 0 0 OJANAF 3163 09w_

....... _ .... __ nil I ......................... • _ ....... I IIIIII.
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TABLE A-I (continued)

46851086 17804486 67640262-219384-_-183063&7 27800163 500, 3000el 0,09w3
46851056 17804456 67261982 551037-_-50661966 27800163 3000, 5000,1 0,09w3
12 8 4 74 0 0 C 0 0 0 0 0 0 OJANAF 3/63 012W4
64874056 24131866 91447762-1179_l-4-21988667 36011563 500, 3000,1 0,O12W4
6_874066 28137866 91_70862--143699-4--23376867 36011563 3000, 5000,1 0,012W4

1 73 0 0 0 0 0 0 0 0 0 0 0 0SCHICK 03/63 TA
18652156 19766955 63337061 773443-3-39631556 59417052 500, 3000,l 0eTA
18652156 lg766955 67908951 599438-3 18711458 59817052 3000, 5000,1 0,TA
1 22 0 C 0 0 0 0 0 0 0 0 0 0JANAF 12/60 TI

11249086 15633065 24286_&I 157423-2 11668957 55871062 500, 3000,1 0,TI
i1249066 15633065 479336&I 106517-2-63710857 55871062 3000, 5000,1 0,TI

1 7_ 0 0 0 0 0 0 0 0 0 0 0 OJANAF 12/61
20179966 21854065 51220661 439362-3 68386367 59_08062 500, 3000,1 O,w
20179965 2165_055 10851851 147027-2 15335768 59_08062 3000, 500C,I 0,_
i 40 0 0 0 0 0 O C 0 0 0 0 0JANAC 06/61 ZR

145_1766 18427065 60639261 593613-3-86188866 58583062 500, 3000,1 0,ZR
14541766 18427065 53855_61 770890-3 45701866 585830&2 3000, 5000,I 0,ZR

4 6 0 0 0 0 0 0 0 0 0 0 0 OJANAF 12/60 C4
24232166 51123065 20590362 623436-4-25770367 98676062 500, 3000,1 O,C_

2_2321&6 51123065 21071462-434895-4-_O493967 98676062 3000, 5000,1 O,C4
I 1 _ 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 ¢_H

15519666 64503065 25217262 574336-3-33954767 11316663 500, 3000,1 0,C4H
15519666 64503065 24935862 402513-3 37767667 i1316663 3000, 5000,1 O,C_H

2 1 4 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C4H2
11171556 76323065 29889762 735927-3-43064667 11931163 500, 3000,1 0,C4H2
11171566 75323065 30170762 456896-3 69812466 I1931163 3000, 5030,I 0,C4H2

3 1 4 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C8H3
i0197566 851_5065 3_321762 855861-3-62493567 13007263 500, 3000,I C,C_H3
10197566 85145065 34519_&2 5641_I-3-15155766 13007263 3000, 5000,i 0,C4H3

4 1 _ 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6161 C4H_
73705065 9712_065 39813262 961427-3-79244267 13944063 500, 3000,1 0,C_H_A

73705065 qT124065 39589962 720956-3 57788066 139_4063 9000, 5000.1 0,C4H4A
6 2 7 0 0 0 C 0 0 0 0 0 OJANAF 3/61 C4K2

12750066 80123965 29749062 _56052-3-15225567 13306363 500, _000,I 0,C4_2
12750086 80123965 32721262 952999-5-54165_&7 13306363 3000, 5000,1 0,C_N2

6 1 6 6 0 0 0 0 0 0 0 0 0 ODUFF BAUER 6/61 C6H6
19770065 147317&6 62612262 117808-2-13927768 172317&3 500, 3000,1 0,C6H6
19770065 14731766 59557262 140760-2 73703467 17231763 3000, 5000,1 0,C6H6
1 13 0 0 0 0 0 0 0 0 0 0 0 0JANAF 03/61 AL_

24000064 18913065 69639061 125221-_ 34775965 251963&2 500, 3000,3 10,AL _
2_0C0O&& 18913065 74_66&l-758_63-_-21077467 251963&2 3000, 5000,_ 10,ALe

1 8 1 13 1 17 0 0 0 0 0 0 0 OJANAF 03/6_ ALCLO_
18959956 52056765 19051262 572817-3-70297566 550_9062 500, 1500,2 0,ALCLOe
1Rq5qq&6 51489965 20511662-165920-3-14957167 54821062 1500, 3000,2 0,ALCLO*
I 13 3 17 0 0 0 0 0 0 0 0 0 0JANAF 03/64 ALCL3*

16_57966 I0110066 18537062 I14499-i-169000-I I0018363 300, 460,2 0,ALCL3*
16055966 72003665 27_25_62-331897-3-16_86366 I0_63063 _60, 3000,3 O,ALCL3_

1 7 1 13 0 0 0 0 0 0 0 0 0 OJANAF 12/82 ALNe
76000065 _1266565 12276862-178828-_-h736_S&6 29901362 500, 2790,2 100,ALN*
76000065 314&0555 40867_62-9158_6-4-230_00_9 29960162 2790, 50C0,2 100,ALNe
1 _ _ 8 2 13 0 0 0 0 O 0 0 0JA_AF 09/6_ ALZBE04_

54499966 12670666 34969962 797503-2-109209_7 11201_&3 500, 2000,2 O,AL2BE04*
5_99966 126669&6 _2193062 570773-2-118659&8 111929&_ 2000, 3000,2 O,AL2BEO_*

3 8 2 13 0 0 0 0 0 0 0 0 0 OJANAF 09/61 AL203 _
400_0066 811817&5 31969962 120_51-_-21751_&7 77257762 500, 2_18,2 100,AL203*
366770&6 75931855 35115362-19277?-4-5559_2&6 89310762 2318, 5000,3 I00,AL203_
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TABLE A-1 (continued)

I 4 0 0 0 0 0 0 0 0 0 0 0 0 ;.NAF 09/61 BEt
000000-0 19302555 828125&l-2BB958-5-17304657 17059552 500, 1556,2 IO0,BE*
2B_I0054 IB270R&5 7695_7&l-257_76-5-21332457 18426552 1556, 5000,3 IO0,BE*
I 4 2 17 0 0 0 0 0 0 0 0 0 OJA_AF 06/65 BECL2*

11959956 62564555 16060552 445380-2-22060456 65988352 300. 682.2 0.BECL2*
11739956 76315955 29019952 050 686422-2 80428852 682. 2000.3 O.BECL2*

1 4 2 9 0 0 0 0 0 0 0 0 0 OJANAF 12/63 BEF2*
2_195766 5_621155 20744652-139307-4 55893756 58330252 500. 20C0e2 IO,BEF2*
24195766 54861355 2108A_52 2562_6-5-53344766 58_29252 2000. 5000.2 IO.BEF2*

: 1 4 1 _ 0 0 0 0 0 0 0 0 0 OJA_AF 09/63 BEG*

14310066 33703855 16077152-434631-3-59374067 29188762 500. 2820,2 10,BE0*
12956256 35912255 153149&2 182960-3119074756 34772352 2820. 5000.3 10.8EO*
1 4 4 8 1 74 0 0 0 0 0 0 0 OJANAF 06163 8EO4W*

3428qg&6 98283555 252843&_ 695291-2-36268566 10286963 300, 1200,2 O,BEO4W*
_289956 9_49_755 32580952 260825-2-33621357 I0085953 1200, 2000,2 O,BEO_W*
2 4 1 h O 0 0 0 0 0 0 0 0 OJANAF 03162 8E20"

22200065 51902855 229BI452-271974-5-63511267 43067252 500, 2401,2 IO0,BE2C*
65350064 52682655 19522452 723914-5-48355156 49990962 2_01, 5000,3 I00,8E20"
3 4 2 7 0 0 0 0 0 0 0 0 0 OJANAF 03/63 BE3N2*

13780066 86364555 38625852-227477-3-I1723868 77668662 500, 2473,2 IO,BF3N2*
11073556 91659855 28820352-194536-3 77904668 90728052 2473, 5000,3 IO,BE3N2*

t I I 1 5 2 8 0 0 0 0 0 0 0 OJANAF 12/64 BH02*
19186956 8_968355 943587&i 133656-I-323_2865 69265852 300o 900,2 0.BH02*

i 19186966 57318955 27687052-207617-2-35587067 56831052 900. 1500.2 O_BH02*
1 5 1 7 0 0 0 0 0 0 0 0 0 OJANAF 9/63 BN* .

! 59510055 29189655 11916152 239906-4-89106956 25704952 500. 2500,2 lO,8N*
595100_5 290739&5'liT157&2 257181-5-2_002966 25661852 2500. 5000.2 IO.BN*
I 5 1 22 0 0 0 0 0 0 0 0 0 OJA_AF 06165 8TI*

38299985 33268955 12919452-176073-4-68908956 35212352 500, 2000,2 O,BTI*
3A299955 33396q&5 12122062 319999-3-403004-1 35260552 2000. 4000.2 O,BTI*
1 5 1 7_ 0 0 0 0 0 0 0 0 0 OAERO_U7 12183 BW*

13_99985 3_17855 11912852 672043-3-19352166 35456152 500, 3130.2 O.BW*
_1_999&_ 50C62355 14113952-189026-4-5_759066 _045_952 3130. 5000.3 O.8W*

1 2 5 _ _ 0 0 0 0 0 0 0 OJANA_ 03/66 B2H404*
33709956 19991156 28782552 279798-i-83789356 16729463 300, 900,2 O,B2H_04*
33739q66 16_34356 58000752 572414-2-82802167 15155453 900s 1500s2 0sB2H404*

5 3 B 0 0 0 0 0 0 0 0 0 OJANAF 12160 8203*
30097856 81153055 29965952 700906-3-13098157 82891052 500, 3000.2 100.R203"
30097_86 811530_5 288B6552 6591_-3 88449167 828910_2 3000, 5000,2 100,8203"
2 5 1 22 0 0 0 0 0 0 0 0 C OJA_AF 12/62 B2TI*

70000055 56096655 22647652 104772-2-71145057 48914352 500. 3193.2 lO0,O2TI*
60380065 58529255 26941552 126484-4 27492066 52689352 3193, 5000.3 lO0.B2TI*

2 5 1 73 0 0 0 0 0 0 0 0 0 05CHICK 12163 B27Ae
49999955 57336_&5 14211952 _9471-2-36006156 53553452 500, 3373.2 O.B2TA*
29q99q&5 76776955 2999q952 1_fl727-9 455735&1 59305052 3373, 5000.3 O.B2TAe

2 5 1 _0 0 0 0 0 C 0 0 C C OJANAF 03/63 B2ZRe
71500055 52039855 21884952 598057-3-80_15657 48819852 500. 3323.2 1.B2ZRe
60627055 54102_&5 25005152 117_52-4-47236666 52704652 3323. 5000,3 1,F2ZR*

3 5 3 8 3 9 0 0 0 0 0 0 0 OJA_AF 03/65 B3F303*
5_649956 19079956 2_647352 258435-1-57228156 18_61563 300. 900.2 0.83F303-
5_64o956 1_27_756 67939662-41_B50-2-10534858 1633_353 900. 1500.2 O,B3F303*

3 1 3 5 3 R 0 0 0 3 0 0 0 OJANAF 03165 83H303*
30169956 1672_456 31118452 194520-1-12397857 15717553 300_ 1200,2 0,B3H303 _
30169956 139716&6 581678&2-647494-5-65665657 14538153 I_00. 2000.2 O.B3H303*

1 6 0 0 0 0 0 0 0 0 0 0 0 OJANAF 03/61 C*
300000-0 1_12055 58607551 953976-4-76662156 12129052 500. 3000.2 lOOeC*

i1_ ° ................... • .................. IIII I I II BI _ II I _ •
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TABLE A-I (continued)

000000-0 14412065 48513481 291605-3 30720287 12129062 3000o 500062 100oC_
• 4 5 1 6 0 0 0 0 0 0 0 0 0 CJA_AF 12155 C84_

92999984 82959185 23056652 537468-2-10596187 68180162 500o 27_3o2 OoCB4_
18099q85 79039o85 32500062-160344-8-23791982 7676_482 27_3o 3500o3 0,CB4_
I 6 1 73 0 0 0 0 0 0 0 0 0 05CHICK 12/63 CTAe

34599985 39409065 10346762 271325-2-21034186 40158162 500, 4273,2 0,CTAe
96000064 697520&5 16000062-386322-9-18701162 47457362 4273o 5000,3 0,CTAe
1 6 2 73 0 0 0 0 C C C 0 0 05C_ICK 12/63 CTA2*

47199955 57123265 15879662 333028-2-20495086 54018762 500, 2000,2 0,CTA2*
&7199985 57122785 15877482 333048-2-19776166 64018582 2000, 3503,2 0,CTA2*
1 6 I 22 O 0 0 O 0 0 0 0 0 0JANAF 12/60 CTI*

43800085 34423065 13825852 127229-3-25026267 33290462 500, 3410,2 l,CTIt
26866065 _51P3765 13176962-101042-4-24242367 38481862 3410, 5000,3 I,CTI_
i 6 1 74 0 0 0 C 0 0 0 0 0 OSCHICK 06/63 C_.'_

_3999984 41520685 12269682 206027-2-26795486 41902162 500, 1500,2 0,C_'*
83999984 _1520085 12270462 205978-2-26796256 41901882 1500, 9000,2 C,Ch'_
1 6 2 74 0 0 0 0 0 0 0 0 0 OSCHICK 06/63 CW2_

10999965 68513685 21460962 259918-2-34813666 741323_2 500, 1500,2 0,CW2 _
10999985 68514785 21462082 259929-2-35100866 74132862 1500, 3000,2 0,CW2"
I 6 1 40 0 0 0 0 0 0 0 3 0 CJA_:AF 03/62 CZR*

, 45000085 36010565 !_908262 928757-_-32171587 37_87762 500, 3765,2 100,CZR_

24788065 36137785 15331762-712238-5-58771757 42878462 3765o 5000,3 100,CZR _
2 3 I 6 3 8 0 0 0 3 0 0 0 OJANAF 03/66 CLI203e

29063966 20375486-13911061 449029-i 266362&7 15165363 500, 993,2 O,CLI203*
, 28163066 I1471166 44319982 0&0 307862_I 12088563 993, 2000,3 0,CL1203_

2 3 2 6 0 0 0 3 0 0 C 0 0 OJA_A= 12/60 lC2hI2*
14190085 74449985 24362862 241860-2-71307666 72819862 500, 1200,2 0,C2LI2*
14199965 74487465 24333762 244224-2-71200466 72836062 1200, 2000,2 0,C2LI2_

3 6 _ 13 0 0 0 0 0 0 0 0 0 OJA_AF 06/63 C3AL4*
48990965 11782466 41194362 249972-2-15950467 11487863 500, 1500,2 O,C3AL4*
48999965 11664266 45_35362 560830-3-45936767 11441063 1500, 3000,2 O,C3AL4*
4 1 1 7 I 17 0 0 0 0 0 0 0 OJA_AF 12/60 CLH4_*

75379985 87775965 23966762 525476-2-39231586 91048162 300, 1200,2 0JCLH4,'4_
75379985 78968965 30000062-152997-9-247332-0 87232262 1200o 2000,2 0,CLH4N_
4 1 1 7 4 8 1 17 0 0 0 0 0 0JA_AW 12/62 CLH4N04_

70690085 27531456 14578762 523599-1 30244065 22415553 300, 900,2 OoCLH4N04 _
70690065 23136466 62323262 200088-1-15058868 20522563 900, 1500,2 O,CLH4N04*
2 8 2 17 1 74 0 0 0 0 0 0 0 0JAN8F 12162 CL202_."_

22999965 89457565 27418362 370121-2-37131766 11586463 500, 2000,2 O,CL202W*
22999965 89492065 26794062 390918-2 46215966 11587763 2000o 3000,2 O,CL202W_

2 17 1 74 0 0 0 0 0 0 0 0 0 OJANAF 09/62 CL2W*
59999965 71429565 16841662 598042-2-26091466 84910062 500, 1200,2 O,CL2W*
59999965 70892965 15128262 643102-2 14278267 846_3662 1200, 2000,2 O,CL2_*

2 17 i 22 0 0 0 0 0 0 C 0 0 OJANAF 03164 iii CL2TI*
12t50:}66 63421165 16022162 451891-2-10773864 7_497262 1000, 1503,2 IO,CL2TI* 1
12350086 63421165 16028582 4517_5-2-604510&_ 74497262 1500, 5000,2 IO,CL2TI_ 1

2 17 1 40 0 0 0 0 0 0 0 0 0 OJA_AF 06/62 CL2ZR*
13199966 65481965 17300062 419999-2-495100-1 78365962 500, 1000,2 O,CL2ZR*
12799966 62143065 23000062 060-5_77_0-I 82550062 1030, 3000,3 O,CL2ZR*

3 17 1 73 0 0 0 0 0 0 0 0 0 OAERONUT 12/63 CL3TA_
13050066 79005965 2299o962 389998-2-16997166 99692362 500, 3000,2 O,CL3TA_
13050066 79005965 22999162 39001_-2-16739466 99692362 3000, 5000,2 0,CL3TAe

3 17 I 22 0 0 0 0 0 0 0 0 0 0JANAR 03164 111 CL3/I_
172_0066 73154065 23358662 23_506-2-19975166 93039162 I000, 1200,2 10,Ct3TIe 1

" 17240066 73403665 23017062 255718-2-7_407865 931_4562 1200, 5000,2 10,CL3TI* I '
3 17 1 40 0 0 0 0 O 0 0 0 0 OJANAF 06164 CL3Z_

f

,,, , ........ ,.....

I
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TABLE A-1 (continued)

20599946 72024q&5 26706342 293581-3-51644046 91210242 500, 1200o2 OoCL3ZR*
205999G6 71434b&5 27243052-107608-3-sg602446 90956642 1200e 2000,2 O,CL3ZR*
1 8 4 17 I 7_ 0 0 0 C 0 0 0 CJANAF 09/62 CL4OW*

17750066 98471565 35291452 929293-3-34355266 13112943 500o 1200e2 OoCL_OW*
177500G6 98006645 36240442 _18369-3-82728046 13093743 1200, 1500,2 0,CL4OW*
4 17 I 73 0 0 0 0 0 0 O 0 0 OAERONUT 12163 CL4TA*

16879966 85312965 31899342 28B162-6-28985966 I1803443 500, 3000o2 0,CL4TA*
16879_&6 85312945 31900142-828361-7-28716066 i1803443 3000_ 5000e2 0oCL4TA*

17 1 7_ 0 0 0 0 0 0 0 0 0 CJAr_AF 091_2 CL4W*
12099q_6 84_19155 29639462 101332-2-19651266 I1952B63 500, 1200,2 O,CL_W*

120999_6 83836745 29997042 818320-3-37450666 I19_5343 1200a 1500.2 O,CL4w*
4 17 i 40 0 0 0 0 0 0 0 0 0 OJANAF 12/63 CL4ZR*

23_70066 75087345 21928362-i12411-3 1551154R I0887R&3 500, 1500,2 10eCL4ZR*
_3_70066 _5521855 30704252-120868-4 52924867 11363463 1500, 5COC,2 10,CL4ZR*
5 17 1 74 0 0 0 0 0 0 0 0 0 OJA_AF 12/62 CLS_V*

13699946 10265466 34809942 204263-2-16431246 15501943 300, 503,2 O,CLS_'*
13209986 97806965 36200042 0&0-141003-I 16282743 503, 1500,3 OoCL5W*
6 17 I 74 0 0 0 0 0 0 0 0 0 OJANAF 12/62 CL6W*

163099&6 122676&6 406378&2 225992-2-19469666 166338&3 300e 557,2 OoCLT_*
15739966 I14_7546 42600042-183873-9-575724-I 169291&3 557, 1500,3 O,CLTW_
I 3 I 9 0 0 0 0 0 0 0 C 0 OJA_AF 12/63 FLI*

I_64o_56 46069545 10005962 43_022-2196981865 42784542 500, 1121,2 O,FLI*

1_049o66 39862965 15340042 0&0-303011-1 456_6042 1121, 3000.3 O.FLI*
2 9 1 72 0 0 0 0 0 0 0 0 0 OASSUMED 5A_E AS F2ZR* F2HAF*

22038046 _i055065 30660842-210271-3-79_36966 92767342 500, 3000,3 100,F2HAF*

22038056 81055045 26604542 59971_-3 15432068 92767342 3000, 5000_3 IO0_F2HAF*

I 2 9 i 40 0 0 0 0 0 0 0 O 0 OJANAF 06161 F2ZR*
- 2203_046 qi055065 30660842-210271-3-79836966 92767342 500, 3000,3 I,F2ZR*

;2038046 81055045 26604562 59971_-3 15_32048 92767342 3000. 5000.3 I_F2ZR*
3 9 1 72 3 0 0 0 0 0 0 0 0 OASSU_ED 5A_E A5 F3ZR* F3HAF*

i 33000046 97120645 42987_&2 2_2608-_-13690348 10206_&3 500_ 1601_2 100 F3HAF*
31788486 8645_185 31998142 126208--51241B3165 10502843 1601_ 5000.3 10 F3HAF*
3 9 1 22 0 0 0 0 0 0 0 0 0 OJANAF 06/64 F3TI*

: 337_90&6 _0376045 21099952 300000-2 538249-2 81320752 500. 1500.2 O.F3TI*
33749946 70376055 21099942 300000-2 898200-0 81320742 1500. 2500.2 O.F3TI*

: 3 9 1 40 0 0 0 0 0 0 0 0 0 OJANAF 06161 F3ZR* '
! 33000066 97123655 42987462 242608-_-13690348 10206_&3 500_ 1601.2 IO0_F3ZR*

317_84_6 _6458155 3199_142 126208-5-24183165 10502843 1601_ 5000.3 IO0.F3ZR*
I _ 4 9 1 74 0 0 0 0 0 0 _ OJ_N_F 06/62 F40_'*

3559qa&6-1105_856 66847342-643885-1-14148757 848848&1 300_ 383.2 O.F_OW*
35_99946 97266945 36000062 060-210350-2 12399743 383_ 2000_3 O.F&OW*

• 4 9 1 22 0 0 0 0 0 0 0 0 0 OJANaF 06/6_ F4TI*
39_18946 82_820_5 29_25652 BO?356-3-20_33866 lOlOOB&3 300_ 900_2 O_F_TI*
3941"956 ,40_3755 29041642 1_1000-2-33265566 10173943 900_ 1500.2 O_F4TI*

9 1 40 0 0 0 0 0 0 0 0 0 OJA_AF 12/63 F4ZR*
_S6800561T?6661&6-B9_6_S&3-9_2990-3 7587_359126536363 500_ 1200_2 IO_F_ZR*
_5680046-?5860245-13_61343-213939-3 2816_949 23612642 1200. 5000_2 IO_F_ZR*

6 9 1 7_ 0 0 0 0 0 0 0 0 0 OJANAF 12/63 F6W*
42700066-140109&?-120974&_-196796-215068?&10-55981563 500_ 1200_2 IO_FTW*
_2700046-275680&_-37989663-119768-2 75862049-13066142 1200_ 5000_2 lO_F6d*
8 9 I 74 0 0 0 C 0 0 C 0 0 OJA_aF 12163 III F6W* I

427000&6 11347866 41999642 223527-6 150363&3 15737843 1000_ 1200_3 IO.FTW* 1
427000&6 113483&6 k1985262 738808-5 84697064 15?_80&_ 1200, 5000,_ IO,F6W* 1

1 72 0 0 0 0 0 0 0 0 0 0 0 OAERONUT 12t6_ MAF* .
060 26236565 631_67&I 169633-2-20255263 30582742 500_ 2_95_2 OeNAF_

52390044 299?2955 79999941 O&O 9676_2-0 $2136542 2_95e 5000.3 OeHAF*
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TABLE A-1 (continued)

2 5 1 72 0 0 0 0 0. 0 0 _ 0 0AFRONUT U-2045 3/63 111 HAFB2*
• 74200065 52360555 18886562 595324-3 20540366 51772362 1300o 3520o2 100oHAFB2* -

742000_5 78681155 21004662-753793-6-25692755 59247162 3520, 5000,3 100oHAFB2m -
1 6 1 72 0 0 0 0 0 0 0 0 0 0AERONUT U-2045 3/63 111 HAFCe

44?00055 34846255 158602&2-236443-3-47211067 3?929652 1000, 4160o2 100oHAFC* -
44700055 55575655 14604962 740357-6 336724&5 429385b2 4160, 5000,3 I_0oHAFC e -

4 17 1 72 0 0 0 0 0 0 0 0 0 3AFRO_UT 12/63 HAFCL4e
23687966 27492356-4541_262 840852-1 85958757 20695663 500, 705o2 0oHAFCL4_
22637966 10826966 39433952-773536-3-16736667 14025963 705, 5000,3 0oHAFCL4*
4 9 1 72 0 0 O 0 0 0 0 _ 0 CAERONUT U-20_5 3/63 III HAFF4*

46140056 10711866 22602362 103650-1-62533065 11148163 i300, 1201o2 1O0oHAFF4 • -
46140066 11044656 36200162-254286-7-12600963 12030263 _201o 5000,3 1O0,HAFF4* -

1 7 1 72 0 C 0 0 0 0 0 0 0 OAE_NUT U-2045 3/63 111 HAFN_
88240065 35356765 15175052-181568-3-330157r._ 39199762 10000 358002 100,HAF_ -
8_240055 53257155 14274662-753941-6-_56972_.5 44200262 3580o 5009,3 100,HAFt* -

2 8 1 72 0 0 0 0 0 0 0 0 0 :;_6RONUT U-2045 3/63 111 HAFO2 w
26610056 54446155 22188152-960937-5-344_.Z67 57731652 1000, 3170o2 100oHAFO2* -
26610056 73445055 21_00062 000-0 " ..-0 63725_52 3110, 5000,3 100oHAFO2* -

1 1 1 3 0 0 0 0 0 0 0 0 C JA_AF 09/62 HLIe
21665965 44915665 10745452 404759-2-776 ;966 _d03952 5000 960o2 OoHLI*
15096065 36178055 14000062 0&0-B15415-2 3992856 _ 960o 2000o3 0oHtI*
I 1 i 3 I 8 0 0 0 0 O 0 0 0QA_A_ 03,':" HLIO_

11583956 64018455 14024152 616787-2-47612866 56871w&2 5006 744o2 0oHLIO_
11326256 56035955 20?39962 0&0 329082-i 59457252 744, 3500,3 0,HLIO_

. 2 1 4 8 1 72 0 0 0 O 0 0 o 0JANAF 06/63 H204Wm
280?0056 10547356 34932962 311318-2-99613656 11219063 500, 1500o2 OeH204W_
2_020056 10660466 3575R162 334075-2-36208367 1126&h&3 1500o 3000o2 OoH2G4W_

2 1 1 22 0 0 0 0 0 0 0 C 0 JJANAF 06/63 H2Tlo
34500055 _7599855 1532R662 217900-2-12865357 42229262 500. 1200,2 0oH2TI*
34500055 44631365 19325962-319517-3-27252267 40975062 1200o 2000,2 0,H2TIe

1 3 0 0 0 0 0 0 0 0 0 0 0 0JANAF 09162 LI*
38410055 36948265 457423&1 554063-2-30638365 32301262 300, 45402 0,LI*
56899953 1R591465 67970051-122344-4 10227966 2_261862 454o 4000,3 0eLI*

2 3 1 B 0 0 0 q 0 0 0 0 0 CJA_AF 03/64 LI2O*
14310056 61285365 18554152 304605-2-86532756 55833862 500, 1843o2 0oLI20*
13_12856 62361955 23999962 060 170840-0 62632562 1843o 4000o3 0oLI20*

2 3 2 8 0 0 0 0 0 0 0 0 0 0JA_AF 09163 LI202"
151199_6 97_72165 17154962 117912-1133762866 83097562 500, 1200,2 0,LI202"
15119956 96_07565 19216262 106627-1-135586&7 82658062 1200, 2000,2 0,LI202"

2 _ 3 8 1 22 3 0 0 0 0 0 0 OJANAF 03164 LI203TI*
39929966 11932?66 25306862 106211-1 56708766 11219463 500, 182002 0oLI203TI*
37437366 11727256 48000062 060-714628-0 12548063 1820o 4000,3 0otI203TI_

3 3 1 7 0 0 0 0 0 0 0 0 0 0JANAF 12160 LI3_*
47499_&5 76_727&_ 29372262 309452-3-13299467 70921662 500, 1200o2 0oLI3N_
47499955 75530165 28983162-411775-4-16378866 70274162 1200. 2000,2 OotI3_*
I 7 I 73 0 0 0 0 0 0 0 0 0 05CHICK 12/63 NTA_

59949955 40023465 16647662-300756-3-12006167 43885262 500, 3363o2 0oNTA_
43950055 56230965 15000062-413841-9-12967682 48708262 3363o 5000o3 OeNTAe

1 7 2 73 0 0 0 0 0 0 0 0 0 0SCHICK 12163 NTA2e
_4599965 63801955 1684_262 421918-2-16868466 713_1362 500, 3000o2 0oNTA2*
42599965 85802065 22_99962 0&0 0&0 78684662 3000, 5000o3 0oNTA2*

1 7 1 22 0 0 0 0 0 0 0 0 0 0JANAF 12160 NT|*
80500065 353992_5 13951662 224921-3-23736567 35557962 500, 3201,2 100,NTI*

65242065 36455065 13405862 130614-4 77674156 40652462 3201, 5000,3 100,NTIe
• 1 ? 1 40 0 0 0 0 0 0 0 0 0 0JANAr 12/61 NZR*

, 87_00055 36841265 14740362 405595-3-385238&? 38459162 500, 3225,2 100,NZR*

IIIIIII IIIIIIIII I I I IIII IIII _ iilll
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TABLE A-1 (concluded)

69489065 35700755 13684562 315953-4 33058667 43637262 3225. 5000.3 100.NZR_
1 8 I 22 0 0 0 0 0 0 0 0 0 0JANAF 12160 OTI* .

12190066 43556165 18210662-534802-4-15425267 41725352 500e 2010.2 O.OTI*
10868256 39172455 14514152 267716-5-20683756 47425652 2010e 5000,3 OoOTIe

2 R 1 22 0 0 0 0 0 0 0 0 0 0JANAF 12160 O2TI*
22550066 48835155 19082162-102491-4-14327067 51939552 500. 2128e2 100eO2TI*
21232056 51334965 19003562-412535-5 11775366 59296452 2128. 5000.3 100.O2TI_
2 8 1 74 0 0 0 0 0 0 0 0 0 CJANAF 06162 02+:*

14094066 54795665 23309462-361730-4-53814357 55109052 500e 2000,2 10OeO2W*
003000-0 56907_55 28701852 186655-4-26708258 55937852 2000, 5000,3 IO0,02W*
2 8 1 40 0 0 0 0 0 0 0 0 0 0JANAF 06161 O2ZR_

26150066 48794655 182127621777714-3 68916867 52442052 500. 2950e2 100oO2ZR_
24%51866 54037065 19565862 8311_9"4 16793757 59607362 2950. 5000.3 100eO2ZR*
3 8 2 22 0 0 0 C 0 O C 3 O 0JANAF 12160 03T12"

36290056 94632065 36450052-3201_O-5-15072257 96211552 500, 2401,2 I00,03T12"
13466156 9726_&5 35984862-104734-5 19648566 10908653 2401e 5000,3 lOOeO3TI2*
3 8 1 74 0 0 0 0 0 0 0 0 0 OJANAF 3163 03W*

201_6056 65137765 24821562-220326-4-12017866 71410252 900. 1745.2 leO3W_
1,7_0156 _''34965 31498062 I_9772-5-33102765 85129452 1745e 5000e3 leO3W_

5 8 2 7 0 0 0 0 0 0 C 0 0 05CHICK 09163 05TA2*
AS_59956 12740856 37000052 656002-2-59200666 13405153 500, 2150,2 O,05TA2*
45257966 16530756 55990962 060 708h85-0 15163653 2150, 5000,3 O,05TAZe

5 8 3 22 0 0 0 0 0 0 0 0 0 0A_RONU7 12163 O5TI3-
5_7_5066 15057166 41600052 799999-2-468140-2 15427953 500= 2173e2 OeOSTI3*
53764956 19867566 59999962 0&0-452594-I 17660663 2173. 5000.3 0eOSTI3*
I 73 0 0 0 0 0 0 0 0 0 0 0 05CHICK 03163 TA*

0&0 19812055 783589-0 160388-2 10127057 25822352 500. 3270.2 0eTA*
67000054 27506965 85000051 060-234_7951 28188262 3270, 5000,3 O,TA*

1 22 0 0 0 0 0 0 0 0 0 0 0 OJANAF 12160 Tie
000000-0 19389955 47161261-708316-4 83?47067 2_062262 500, 1950,2 lOOeTI*
18780054 21613065 80019661 165771-5-73231865 26955662 1950, 5000,3 IO0=T|e
I 74 0 .: 0 0 O 0 0 0 0 0 0 0JAN_F 12161 w_

000000-0 18954555 77575251 991652-4-21732267 23157052 500, 3650,2 100,Wt
7202005& 19612755 87483861-706194-5 42105657 25/88252 3650s 5000,3 lOOser

1 40 0 0 0 0 0 0 0 0 0 0 0 OJANAF 06161 ZR_
000000-0 20328755 57501561-102844-3 63945767 26663552 500. 2128.2 100.ZR_

52690064 21981955 85120861-197639-5-29170055 29768062 2128, 5000,3 lO0,ZRe
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......... TABLE A-2 .............

OUTPUT FROM TC DATA PROGRAM

................. (a) BeF 2 Gas

" I CURVE FIT COMPARISON FON FII-Fj. I)ATA FW()M JANAF 12/63
TEMPERATURE (F -H/I ) I N If -H/I )OUT CP

I+O00000E+03 b,I}(J()()ool 0(_ %. 7+)_)')96h+0 ,366284E+01 BEF2
...... -l-,-iO6-O-O(JE+03 b°_i_k}.'(}()l t<, ').f_} }_;'Jt+O ,3866_9E+0I - BEF_-

i +200000E+03 h,'){. }1 ()C)l 4 r) ')e'_(.JO')3L +0 o402208E+01 BEF2
!e300000E+03 (..u.}';;'(){)[ +_J (..()_<)671h+0 .414380E+01 BEF2

I I400000E+03 6e I I }1 (){)1 +" (,,I 130HTE +0 e424099E+O| BEF2
1,500000E+03 6,1_(t-_00_ +() -- (_.lH3bOOt+O .431995E+01 BEF2

: 1,600000E+03 .6,2hl lOOt +(_ 6oP")lO82F+O .438510E+01 BEF2
--- 1 +70b-66bE +03 + b, 3 ! bOO01-_+(J 6,316004E+0 ,443960E+01 BEF2

1 e800000E+03 6,378o.001- +0 6. "_78434_+0 o448573E +01 BEF2
I, 9"0"0"0-0-0E:I-03 ..... 6,438500h+O 6,_131_530E+0 - ,452522E;0"1 ..... -I=I-EF2-
2e O00000E+03 6,49b400E+O 6,496{+40E+0 ,455936E+01 BEF2
2i!00000E+03 6ebb2300E+O 6o552303E+0 ,45_914E+0| BEF2
2+200000E+03 b•606200£+01 6,606246E+01 •4e) l 534E+01 BEF2
2"_-30"b'O(J0 E $ C)-3 6,658400E �„�6-,658388E +01 I • 4&385?E_-I- 0 | .... -8-EF _
2+400000E+03 6,708800E+01 6 • 708838E+01 I ,465931E+01 BEF2
2,5000ObE+03 ...... 60757700E+01 6 o757695E+01 1 • 4-() ;'r'/95E �()-1..... BE-F2
2,600000E'_03 6o805000E+01 6o805053E+0 ! 1 +469_8_-E+0 ! BEF2
2,700000E+03 6+851000E+0! 5e850996E+O 1 1 o_7101_E+Ol BEFR
2,800000E+03 6+895600E+01 6,895604E+01 l o472418E+01 BEF2
_e9O{30+O-OIE-$()3 -- -6,938900E+01 6o938950E+01 1 +47-:370-8E--+-0-1 ..... 8EF2

+ 3+000000E+03 6,981100E+O! 6,981100E+OI 1,474899E+0| BEF2
• "......... CON S-TII_TN Y 5 ..................

TEMPERATURE TYPE INPUT CALCULATED
3,oooooooE+o_l' CP 1.4749000E+01 Io4748999E+01 BEF2

DHF,2(8 DH298-3K ALPHI ALPH2 ALPH3 S,3000 TLO THI P RHO
--[zF[37_0+6- 37416045"-|-47_05+2 _8_l_-6-?2_._FS--IF_8-3_'_ 500o 3000, 1 0oBEF2+

+ ...... TE MI_EI%-/[?_E ........... (_-_TTT) IN- ( F----_2-f)-O--OY CP ....
: 3+000000E+03 6i981100F++O 1 6,981100E+O 1 1,474899E+01 I:IEF2
i -" 3, ! O00OOE+03 7o022100L'+-'-61 7,0;_2116E+OI 1 e475059E+O 1 BEF:_

3,200000E+03 7o062000E+01 7,062056E "$�d�I,475397E+01 BEF:_
..... 3,3000-00-E_.0-3 ..... ?e-]-O0900_+-O-i --- 7, ! 00973E+01 1-, _1-7"5--892-E+()-1--.... BEi_2

3i400000E+03 7e I 38900E+01 7, 138917E+O! 1,4765_7E+01 BEF_
...... 3,500000E+D3 - 7,-175900E+C I .......7,--1-?_933-E_:01 I ,477;_BSE+OI BEF2

3,600000E+03 7,:_ 12000E+O 1 7e212065E+0 ! I ,478152E+01 BEF2
"3"_;TOOOOOE+03 7eE47300E+Ol 7,2_47354E+01 | ,479118E+OI BEF2 -
3,800000E+03 7,281800E+O | 7,_81838E+01 I .480172E+01 BEF2
3,900000E+03 - " " -?,31-5-60OE.i-G/ ..... ?-+--_Ji55_j+3_l 1,4813-_£"_1 _E_F2
4, O00000E+03 7,348500E+0 ! 7,348531E+O 1 l ,482510E+OI BEF:_
4, IO0000E+03- - -7, 380800_] ..... 7;-38"0_0-'_ 1 ;4_-3_+b I _EF'2
4,200000E+03 7,4 12400E+0! 7e412403E+01 I ,485105E+O i BEF; _

....... 4", _OGO'D'OIET6D'__" 7e_43400E+O 1 7,443355E+01 I ,486485E+01 BEF2
_t, 400000E+03 7,473700E+01 7,473685E+01 I ,487913E+O 1 BEF2
4,500000E+03 7 • 50340EllE_.O 1 7,503419E+O 1 1,489385E+01 BEF_
4,500000E+03 7o532600E+01 7,532579E+01 I ,490898E+01 BEF2

4,800000E+03 7,589300E+01 7,589267E+01 I ,494030E+01 BEFR
........ 4'. 900000E'+03 "- -"t ,"6 |-6_O'OE+O 1 7+615835E+01 1,495644E_l'0 ! _l'l¢'lrr2

5,000000E+03 7,643900E+01 7,643911E+01 1.497_87E+01 BEF2
" CONSTRAINTS ............................................

TEMPERATURE TYPE INPUT CALCULATED
t ...........

{ • 3,0000000E+03 CP l ", 47 _[9 O_ 0IE+-0" !"...... 1. (';r4899t)'E +01 BEF2
DHF _ ;_98 DHR98-3K ALPH 1 ALPH2 ALPH3 .%e3000 TLO TH | P RHO

•;!_'13"00;1"6 374"160+15 I_J_'_4 ;)09528J_'_44-_1"_'_=7-'-_';_;_830+;_ 3000,' _5000',1 0,BEF2-

!

I IIIIIIIIIIII I i II_IIIII I "_
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APPENDIX B

. AEROTHERM CHEMICAL EQUILIBRIUM COMPUTER PROGRAM

The ACE computer p_ogram is a general chemical equilibrium

program with a wide variety of capability. Two of its featurel

have been utilized in the present study. Specifically, the pro-

gram option which determine - the chemical equilibrium composition

and thermodynamic properties of reacting gas mixtures was used in

the isentropic flow calculations, and the program option which

calculates equilibrium mass transfer quantities for abl_tive mate-

rials in chemically-reactive environments was used in obtaini_g

the steady-state abl:,tion solutions. Reference B-I presents

detailed information on the generalized mathematical treatment

in the ACE program.

For the isentropic expansion calculat':-ons, the ACE program

' requires as input information the following items:

(i) Specification of the eleme'._al mass fractions for the

i chemical system being _onsidered

!_ (2) Specification of the stagnation conditions for the

system - pressure and either temperature or enthalpy

(3) Thermodynamic data for each molecular species which is

likely to be present in the system

(4) An array of pressures to which the _ystem is isentro-

pically expanded from the stagnation condition.

For the surface equilibrium calculations the chemical system

is more complex. This chemical system consists of both the bound-

ary layer ed_e gas and the exposed surface material. The program

considers surface thermoahemical reactions under the aonstraznt

of chemical equilibrium, and for mass diffuoior_ consider3 unequal

diffusion coefficients between the boundary layer and the surface.

The surface removal mechanisms allowed by the program are surface

chemical reactions, including surface material decamposition,

" phase change, and reactions with the boundary layer gas_ and

|

'• 1111111
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B-2

liquid layer removal. Liquid layer removal is treated in terms

of a fail temperature, the liquid being removed mechanically if

: it appears as a surface species above the specified fail tempera-

ture. The liquid layer removal model is general in that the pos-

sibility of the liquid phase surface species being different from

the virgin material is considered. For calculations requiring th

surface equilibrium option, the following input information is

needed:

(1) Specification of the boundary-layer-edge state - pressure

and either temperature or enthalpy

(2) Specification of the elemental mass fractlons for the

:_ boundary-layer-edge gas and the ablation material

(3) Thermodynamic data for each molecular species which is

likely to be present in the overall system

i (4) Specificat "czJof an array of mass-transfer rates (B) for '

the chemic_l erosion and/or liquid layer removal of the i

s_r c_ material i

Output information from the _EE program includes both listed

and punched card data. The total output data includes system i
properties (viscosity, specific heat, diffusion coefficient,

Prandtl number, Schmidt number, molecular weight, isentropic ex- I

por._,t), tb :mocynamic variables (temperature, enthalpy, entropy,

pres:. -_, d_nsity), the surface species mass removal rate (if !

m_it_ occurs), the virgin material total ablation rate, and the 1

l_ole fractions of each molecular species present in the gas phase

at the surface. |

The general functional relation between input and output for I

the ACE progrem may be written as:

output input

(Zie, Ziw, hw. h¢w, B', BL, Tw) = F(B, Kie, Kia, P)

i
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The functional relation represents a combined solution of the

species conservation equations and ch_'nical equilibrium relations

which are employed for solving the surface energy balance equa-

tion discussed in Appendix C.

r

• REFERENCES - APPENDIX B

B-1. Kendall, R.M.: A General Approach to the T'her_chemical
Solution of Mixed Equilibrium-Nonequilibrium, Homogeneous
or Heterogenous Systems, Part V of Final Report, Contract

NAS9-4599, Aerotherm Project No. 6002, March 14, 1967.
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APPENDIX C

STEADY STATE ABLATION ENERGY BALANCE

The steady state energy balance equation employed in the pres- ,

ent investigation results from performing an energy balance on a=

control volume which extends from the ablating surface into the ,

i' material to a point where the material is at its initial tempera-

ture.

boundary ;
layer edge

- ¢_Vlwh_ _T w! _wqrad qdiff

__ . h L

- ' I w

I I I j
_' I T(y) g f(time) I 6

i l
_ahaT=TQ

m

I
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The control volume is of constant thickness (6) and its position

is fixed to the receding surface. As indicated in the sketch,

the temperature distribution within the control volume is assumed

invarient with time, so the net energy content within the control

volume is constant. Since the energy change rate within the con-

trol volume is zero, an energy balance may be written which re-

lates the energy flux terms shown in the sketch.

qdiff - (Ov) whw + mahai - m_hLw + _wqrad - F_ewT_ : 0 (C-l)

, ere

qdiff represents energy to the surface as a result of

thermal and chemical energy transfer through the

! boundary layer

• (0v) wh w represents energy transfer from the surface as a

result of gas phase blowing or sucking (negative

blowing) at the surface

h is the rate at which energy is transferred into the
a a i

control volume by virtue of coordinate system motion

associated with surface recession

m_h_w is the product of the liquid removal rate and the

enthalpy of the removed liquid at the surface tem-

perature

_wqra d represents the radiation energy flux absorbed by

the surface

Fae T 4 represents the radiant energy flux emitted by thew w

sur face.

The following sections describe the meant, employed for eval-

uating each of the above terms and indicate how the energy balance

Equation (C-I) may be solved for the general case of arbitrary

material and environment composition.

mm ....... - II . lllllrlllII . I II['_IIII I II I _
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C-3

SECTION C.l

ENERGY TRANSFER FROM THE BOlDlY LAIR, qdiff I

A phenomenological model fo_ representing energy transfer

events in the multicomponent, chemically reacting boundary layer

utilizing a film coefficient approach was introduced in Reference

C-1. me terms appearing in the film coefficient representation

of the boundary layer t_eatment are given further consideration

in Reference C-2 where various te_s are modified in such a manner

that their physical meaning is more apparent and in such a manner

that evaluation of the te_s is more strai_tfo_ard. The repre-

sentation for the boundary layer energy transfer rate given in

i Reference C-2 is:

i qdiff = PeUeCH(Hr - Hw)edge + PeUeCM _, (_ - _ )&h_w(c-2)e w• gas i

• where the first term represen_ energy transfer to the wall due to

a "sensible" enthalpy potential and the second term represents

the energy flux associated with mass diffusion and chemical re-

actions. The quantity, 0eU e, is the boundary layer edge mass

! velocity, and CH and CM are the boundary layer Stanton numbers

I for heat and mass transfer respectively. For the present investi-

i gation the heat transfer coefficient is taken as 0.5 ib/ft2-sec

i which is a reasoneble nominal value for a 2.5-inch throat diam-

I and 300 chamber This value the
eter a psia pressure.* represents

i heat transfer coefficient in the absence of blowing. The blow-

! ing correction is described in the next subsection. The mass

I transfer coefficient (PeUeCM) is related the heat transfer

i coefficient by the Chilton-Colburn analogy.
CM /s-- = Le •

I was obtained by scaling results from Reference C-4 on

*This value

the pressure to the 0.8 and inversely with diameter to the 0.2.

!"
t

- Illll [|[ I It' I I Ill - _ _lJ _.. I
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Where the Lewis number is related to the Prandtl and Schmidt

numbers

Le = Pr/Sc

Values of Pr and Sc for the six propellant systems were ob-

tained from the ACE program as part of the output for the throat

thermodynamic state calculation _. The resulting values are sum-

marized in Table C-I.

Tw
The enthalpy change in Equation (C-2), hhi , represents

the heat of formation of gas phase molecular species i at the

; wall temperature (see e.g., Ref. C-3). The term _* , in the

i driving potential for mass transfer is dependent upon the gas

mixture composition. Physically, it is intermediate between a

mass fraction and a mole fraction for species i, and as such, it

gives a more realistic weighting to higher diffusion rates of

i lighter species associated with their higher diffusion coeffi-

i_ cients. An extensive discussion of this potential, and the means

for its evaluation is presented in Reference C-1.

SECTION _2

BLOWING

Gas phase mass addition at the ablating surface has three

effects on the net energy transfer rate to the surface: (1) the

chemical composition is changed thereby ,odifying the driving

potential for mass transfer (_ - _le), (2) the heat transferw

coefficient is reduced, and (3) energy is convected away from

the surface by v_rtue of the mean mass motion (PV}w.

The driving potential is appropriately modified since the

ACE program evaluates the driving potential (d_[) based on the

equilibrium chemical composition.

1_mmmm_mm mm n I
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• C-5

" The reduction in heat transfer coefficient due to blowing

is evaluated with the following correction equation for the tur-

i bulent boundary layer (Ref. C-5)

, (pv)
.8 w (c-3)

CH P eUeCHo

[CHc exp .8 PeUeCHoJ 1

where

CH - Stanton number with blowing

CHo - Stanton number without blowing

PeUe - boundary layer edge mass velocity

(pv) w - gas phase blowing rate normal to surface

Ene-gy convected from the surface as a result of blowing is

evalu-ted as the product of the blowing rate and the equilibrium

enthalpy of the gas adjacent to the surface, (PV)wh w.

9ECTION C. 3

CONVECTION OF CONDENSED PHASES

The two terms maha. and mlhl represent the energy con-

vected into the control _olume as a _esult of coordinate system

motion, and energy leaving the surface in the form of liquid

layer removal respectively. The quantity ma' is the insert mate-

rial mass loss rate and hal is the enthalpy of the insert mate-

rial at the initial temperature. The quantity mL is the total

mass removal rate of liquid material from the surface and h L
• w

is the total enthalpy of the rQmoved liquid at the wall temperature.

!

. I .... LL I II ....... ....
' I • 11III
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SECTION C. 4

RADIATION FLUXES

The last two terms in the energy balance equation (C-l) rep-

resent radiation energy absorDed and emitted by the ablating sur-

face respectively. If the propellant exhaust products are entirely

gas phase species, radiation heat transfer interchange between

the stream and the surface can be considered negligible compared

to the energy transport involved in mass convection and chemical

interaction between the wall and the boundary layer. However,

some propellants contain condensed phase species in the exhaust

• products, and since radition from these particles can be appre-

i ciable an estimate of the radiant energy interchange between the

wall and the particle-laden stream is included in the calcula-

i tions.

! The approach taken was to assume that the radiant energy

: flux from a partlcle cloud to the wall was given by

qrad = OCpT;

where ¢p is the effective emittance of the particle cloud and

Tp is the average temperature of the particles. Neglecting
thermal lag effects, the temperature of the particles is equal to

the _tatic edge temperature. To estimate the effective emittance,

the following equation from Reference (C-5) was used

e = 1 - (is/r,' }, ,,,(z + 1} (c-4)P

I where the quantity (15/n4)_"'lZ + lJ, termed the tetragamma func-

tion, is given as a function of Z in Reference C-5. Equation

i (C-4) gives the tot_l particle-cloud emittance ovez all wave-
lengths, and assumptions leading to it ares

},y
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(1) A representative size of 2_ for all particles

(2) A uniform density distribution of the particles

throughout the stream

(3_ A constant particle temperature throughout the stream.

With these assumptions the variable Z is defined as

Z = 0.57 VLTp (C-S)
C2

-nere

V = volume fraction of particles in the freestream

L = effective thickness of particle cloud

c2 = second Planck constant = 8.49 x I0 -a ft-°R

. The volume fraction, V, was determined from the known two-phase

freestream density, the known particle density, and the known

Isenmass fraction of particles in the stream resulting from the " -

tropic expansion calculations. The effective thickness L was

taken to correspond to a nominal throat diameter of 2.5 inches.

Table C-2 summarizes the calculations leading to the determination

of the incident radiation term, qrad"

To account for radiation from the wall to the particle-laden

stream, an estimate of the wall hemispherical emittance was made.

From References C-7, C-8, a_d C-9, it was found reasonable to

assume an emittance equa_ to 0.9 for many refractory oxides and

carbon-containing surfaces. Therefore, Cw = 0.9 was assumed for

all the energy balance calculations.

To evaluate the total uadiation interchange between the

throat and its surroundings, the following assumptions were made:

(1) The entire nozzle wall is isothermal at the temperature

Tw; thus no net radiation interchange occurs between
the unit area of interest at the throat and the remain-

" ing nozzle area.

D

IIIII IIII II ........i I
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(2) Radiation from the throat surface to a zero temperature '
r .

sink at the nozzle exit plane is negligible, since the

view factor to this area is very small; this assumption i

is especially good for the propellant with particles, I

and, indeed, is mandatory because the nozzle configura- i

tion is not specified. ,

=
(3) Cw _w ' Cp = _p"

It follow_ that for the propellants containg particles, radiation

heat transfer is described by .

°wqrad- =   Cw'w ,c-6 i

._ and for the remaining propellants the radiation terms in Equation

(C-I) are zero, since ¢ = ap = 0.

SECTION C. 5

ENERGY BALANCE SOLUTION i

Previous sections of the Appendix identify the numerical

treatment given each of the terms in the Surface energy balance

equation (c-l) Substitution o_ the resulting expressions

i (Equations C-2, and C-6) into the energy balance in terms quanti-
ties readily available from the output of the ACE program, and

_ in terms of known properties of the propellant-material comblna-

• tion.

;_ +_hai- B_h_w + 1 (wCCp_p - apaCw_w)- 0 (C-7)eUeCM

II I III _11 I _'_
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The steady state energy balance is solved in two steps. The

first step is perfo_aed with the ACE program (Appendix B) and re-

quires the following input information:

I. Thermachemical data (Table A-I) i

2. Boundary layer edge gas state properties and elemental

composition (Tables III and IV respectively)

3. Insert material elemental composition.(Table IX)

4. An array of total ablation rate parameters (uzually

o < § < !0) i

With the above input information, the following output information t

is obtained on punched cards for each specified value of §.

i,. The surface temperature •

2. The blowing rate B' !

3. The liquid tayer removal rate, B_ (recall _ = D' + BL) i

* 4. The enthalpy of gases adjacent _.0 the _iI, hw !
5. The enthalpy of liquid material removed at thu _all

temperature, h_w. I

6. The enthalp_ of the edge gas at the wall temperature,

hw)e  |
7. The mass transfer potential,_Z* i

In addition to ti.is information the following information is al&o

specifie_ on punched c_rds for each material-propellanu combination.

8. The neat transfer coefficient in the absence of blowing,

PeUeCH - 0.5 lb/fta-sec

9. The ratio of mass to heat transfer coef:iclonts, C_C H,
from Table C-I

?9. The incident radiation energy flux, qrad' from Table C-2.

II. The surface emm_ttanc. Cw _ aw " 0.9

t
t

|
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12. The boundary layer edge gas total enthalpy, H e , from

Table IV.

13. The enthalpy of the insert material at its initial i

temperature, Hai, from Table II.

14. The insert material density, Pa" from Table II.

Solutions to the energy balance equation (C-7) are obtained

with a small computer program, ESUM, which accepts the information,

1 through 7 above, for an array of B, and the information,

8 through 13 above, for each material propellant combination.

Output from the ESUM program consists simply of the energy im-

balance for each value of B considered. These results are machine

plotted and the point at which the energy imbalance passes through

zero is the solution. The value of B and Tw at this point represent
i

the steady state mass recession rate and is obtained within the ESUM

program from the specified heat transfer coefficient, material
!

density, ratio of heat-to-mass transfer coefficients, and the mass

conservation equation.

CM 1 (C-8)
= B (PeUeCH)_--_HI Pa
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TABLE C-I

_4ASS-TRANSFER TO HEAT-TRANSFER COEFFICIENT RATIO

FROM THE CHILTON-COLBURN ANALOGY

No. Propellant Pr Sc Le _/3 i

1 OF2-B2H 6 0.43210 0.65192 0.746

2 Flox-Methane 0.40293 0.62544 0.746

3 Ai-Solid 0.46035 10.68050 0.771

4 Be-Solid 0.43280 0.67914 0.741

5 Ai-Hy'_r id 0.45486 i0.64283 0.795

60F2-Li Hybrid 0.63803 0.70651 0.935

CM
Note: -- = Le_/a

C H

iI,
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TABLE C- 2

RADIANT ENERGY FLUX FROM PARTICLE-LADEN STREAM

Part 1

.... T p _ V*
particles I Kp (ft3/ft3 )

,_ Propellant Particle (OPR) (ib/ft _ ) IpprOducts(Ib/fta )

#3

Aluminum A1203, 5,434 249.6 0.08005 0.2534 8.13 x 10-5Solid

#4
Beryllium BeO* 5,874 188.0 0.07200 0.234018.96 x i0 -s
Solid

#5

i Aluminum A1203" 6,393 249.6 0.06980 0.2750 7.69 x i0 -s
Hybrid

_ i

Part 2

Propellant Z**** _ O"'(Z + 1)** ep qrad***
( -- ) ( -- ) 1--) (ntu/ft_sec)

#3
Aluminum 0.6175 0.170 0.830 345

Solid

#4
Beryllium 0.7370 0.135 0.865 495
Solid

#5
Aluminum 0.6890 0.150 0.850 684

Hybrid

*V = _(Pproducts/Pparticles }

**(15/_4)_"'(Z+1) given from Reference C-6

= o •
qrad ¢pT_

Equation C-5f

i ,
I ,/
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